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I. BACKGROUND 


When the NASA/ JSC B-57 synthetic aperture radar (SAR) development 
testbed program was planned, an existing side-looking radar, the 
APQ-102, was selected for remote sensing study programs. This radar Is 
a purely analog system, employing photographic processing and azimuth 
correlation using analog film processing into a SAR map. When the 
Investigation was expanded to Include parametric variation for digital 
SAR, a system had to be acquired to digitize the video data produced by 
the APQ-102 and to record It on a wideband tape recorder aboard the air- 
craft. 

The system designed and built by ARL:UT 1* called the digital data 
recording system, or DDRS. In addition to digitizing the raw (pulse 
compressed) video signals from the radar, the system provides for record- 
ing various parameters from the radar operating environment, such as the 
Inertial platform signals and aircraft operating parameters. These 
parameters are necessary in the reconstitution of the radar video Into a 
synthetic aperture high resolution radar map. 

The purpose of the DDRS Is to supplement the analog radar system 
with a digital SAR system which will permit the study and analysis of 
various radar parameters, leading to the effective design of an orbiting 
SAR for remote sensing applications. 
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II. SYSTEM DESCRIPTION 


The DDRS Is mounted on a pallet carried In the pressurized and 
temperature controlled electronic equipment bey of a testbed aircraft, an 
RB-57. 


A. Aircraft and Radar 

1. B-57 Flight Testbed 

The aircraft testbed Is a light twin-engine jet designed for 
high altitude operation, up to 65,000 ft. At this height the synthetic 
aperture radar (SAR) has the capability of simulating. In the geometry of 
ground mapping, the look-down angles (complement of nadir angle), associ- 
ated with a SAR on an orbital platform. There are usually two flight 
modes at 60,000 ft: a start map nadir angle of 15°, or of 45°. The 15° 
nadir angle gives a swath coverage for the SAR map of 2.5-12.5 nml 
(called Mode 1), and the 45° nadir angle gives coverage of 10-20 nml— 
a 10 nml swath (Mode 2). See Figs. 1 and 2. Two antennas (and receivers) 
are used to obtain both horizontal and vertical polarized radar data. 

The B-57 Is equipped with the LTN-51 Inertial platform, with 
clutter lock for velocity update. This platform provides antenna staba- 
lizlng signals to the radar antennas, and provides velocity Information 
required for the synthetic aperture radar system. 

The aircraft normally operates at a ground speed of about 
400 kt, and this Is Important since the radar pulse repetition frequency 
(prf) Is set at twice the ground speed In feet per second; in this case, 

2 x 675, or 1350 pps. 
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The APQ-102 uses linear FM pulse compression and the pulse 
compressed, noncoherent video signals from the two receiver channels 
are provided to the DORS for high speed conversion to digital format. 

The radar uses sensitivity time control (STC) and It Is the 
STC trigger which starts the DDRS data recording function. 

Figure 3 Indicates the various equipment locations In the 
testbed aircraft. A DDRS control panel In the cockpit permits the crew 
to digitize and record the SAR map data. The wideband (MINCOM) recorder 
Is located In the pressurized section of the aircraft, and the right 
and left looking antennas are In the nose of the RB-57. 

2. APQ-102 Radar 

The radar Is a standard Air Force procured Item with some 
significant modifications. The original radar had a single polarized 
antenna; the modified system has both vertical and horizontal polarized 
receiver channels, both of which are recorded. The antenna has a cose- 
cant squared pattern in elevation. 

Another important modification is In the photographic film 
used for video recording. A 5 in. wide film Is exposed with a 2 In. 
width utilized for each video channel, horizontal and vertical. This 
film Is used In the azimuth correlation process, the usual analog pro- 
cessing which develops the SAR map. 

The two channels of 15 MHz video are already motion compensated and 
pulse compressed when they are digitized by the DDRS. The antenna gimbals 
receive stabilizing signals from the LTN-51 Inertial platform, and these 
motion compensating servo signals are recorded along with other dynamical 
parameters of the system. 
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FIGURE 3 

aircraft equipment LOCATIONS 




The radar operates at an X*band frequency with variable prf, as 
Indicated previously, such that two samples per foot of the synthetic 
aperture are c >ta1ned. 

In addition to the two channels of video data, which the DDRS 
records, various radar parameter environment (RPE) signals are recorded. 
Figure 4 shows the sources of these. Some are obtained from the universal 
programmable parameter stripper (UPPS), designed and built by Lockheed 
for NASA, and the data are from the NASA Earth Resources Data Acquisition 
System (NERDAS). The data are recorded on a wideband MINCOM tape 
recorder, carried In the pressurized section of the RB-57, after process* 
Ing through the DDRS. 
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DIGITAL DATA RECORDING SYSTEM 


III. DDRS DESCRIPTION 


The unit Is designed to digitize the radar data and format It and 
the RPE data Into a format compatible with the Hughes Aircraft digital 
recording Interface equipment (DRIE). The DRIE Is used at the ARL:UT 
SAR playback facility to both play back wideband tapes and reformat them 
onto computer-compatible tapes (CCT) on a 9- track standard tape recorder. 
Figure 5 is a block diagram of the system. 

A MINCOM wideband tape recorder on board the aircraft produces 
14 tracks of RPE and video data, which can be played back at the ARL:UT 
facility, since the data are properly formatted by the DDRS to be com- 
patible with the DRIE playback equipment. The Doppler analysis software, 
called the ground signal processor (6SP), will produce digital SAR Images 
on a high resolution display from the filter outputs. 

A. Functions of the DDRS 


The principal function of the DDRS is to digitize the two channels 
(called H and V) of raw video developed by the APQ-102 from the 70 MHz 
IF. In addition, It provides a single record track of RPE data cor- 
responding to the video data. Figure 4 illustrates the sources of the 
data on which the DDRS operates, and the controls used by the operator 
to obtain the desired outputs to the wideband tape recorder. 

The timing of the system is critical; it is controlled by the radar 
(APQ-102) timing. This comes from a 2.07065 MHz clock which controls a 
coherent oscillator in the DDRS. The start of a rang** sweep is controlled 
by the sensitivity time control trigger. The two video channels are 
picked off from the optical recorder of the radar system. 
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The universal programmable parameter stripper (UPPS) Is a device 
which permits digitally coded radar system parameters to be Input to the 
DDRS In a compatible format. Voice and time code data are also Input for 
recording on the wideband tape. 

The cockpit-mounted control panel permits an operator to enter a 
delay time from the start of the STC trigger to set the starting range 
for the radar map— a value called aR^. The sampling rate may also be 
set by selecting the value of the sample interval. Finally, the operator 
may select from 7-, 4-, 2-, or 1-blt data precision. 

1 . Digitizing 

The DDRS digitizes analog video in video A/D board 6. Two 
channels of video are digitized at a sample rate set by the operator (a 
crewmember) setting switches which select the sample Interval (SI) and 
the start of sampling (DRMIN), which is a selected delay from the STC 
trigger. The latter is routed through the A6C/STC processor, which Is a 
Lockheed-built special device for the APQ-102 radar. See Fig. 6. 

Besides the video, certain monitored environmental signals in 
the DDRS, temperature and pressure and operating voltages, are digitized 
externally in the auxiliary data board, located in the A6C/STC processor. 
Analog signals are shipped out to the auxiliary data board, converted to 
digital, and transferred back out to the DDRS, where they are formatted 
In the same manner as the UPPS data. 

2. Recording 

Figure 7, the DDRS block diagram, indicates those signals 
recorded on the wideband MINCOM tape recorder. One track of the recorder 
Is used for the RPE data, made up from the UPPS output and the auxiliary 
data coming from the auxiliary data board. These digital data are trans- 
ferred through the auxiliary data bus. Eight tracks of the recorder are 
used for the digitized video. All the digitized data are routed through 
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AGC/STC PROCESSOR WITH AUXILIARY DATA BOARD 
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Miller encoders and a parity bit generator. The LSB of the video tape 
data Is used for parity check (only In the 7-blt mode). 

In addition to the outputs of the DDRS recorded In the MINCOM 
recorder, the voice from the crew and ground stations and time code sig- 
nals from the I RIG time code generator are frequency modulation coded, 
and recorded on two more tracks of the MINCOM tape recorder. This Is, 
of course. Independent of the DDRS. 

B. Interfaces 


The principal Interfaces of the DDRS are with the radar system, to 
obtain the video data, with the NERDAS outputs via the Lockheed-built 
UPPS, with the auxiliary data board In the STC/AGC processor (built by 
Lockheed), the cockpit-mounted control box, and the DRIE by way of the 
wideband recorder. These will be described in turn. 

1 . Radar 

Refer to Table I. The horizontal and vertical channel video 
signals, pulse compressed bipolar (±0.5 V) analog signals are supplied to 
the DDRS from the optical recorder subsystem of the APQ-102. A test sig- 
nal is generated as a reference on the video A/D board, variable from 
zero to negative full scale for the analog input. This signal Is fur- 
nished on a connector for use in testing and adjusting the video Inputs. 

2. UPPS/NERDAS 

Four address lines and a strobe signal are supplied from the 
Lockheed-built universal programmable parameter stripper. In addition, 
on a separate connector (J-101), 24 data lines are available from the 
UPPS. These are differential, TTL signals. 
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TABLE I 

LIST OF FRONT PANEL CONNECTOR SIGNALS FOR THE DDRS 


0101: 

n 

MUX q - MUX 23 ; differential signal Inputs from the UPPS, TTL. 

JI02: 

ADD q - ADDj, and STRB; differential signal Inputs from the UPPS, TTL. 

0103: 

REF; analo voltage reference output to patch Into video Inputs 
for test, 0 to -1 Vdc, adjustable on Board 6. 

TRIGRPE, TRIGVID: scope trigger output for the RPE and video 
channels, respectively; TTL. 

VIDNRZ. - VIDNRZ,; video data outputs, unencoded for scope viewing, 
TTL. 0 ' 

RPENRZ; RPE data output, unencoded, TTL. 

PARCHK; parity error pulse output, for connection to an event 
counter, TTL. 

RPETEST; input, when grounded puts the RPE subsystem into the test 
mode. 

AUX/UPPS; input, when RPETEST is grounded, determines either 
auxiliary or UPPS data to be displayed, UPPS when grounded. 

0104: 

VIDMIL : differential outputs. Miller encoded video data, to 
recorder, TTL. 

0105 : 

SI Q - SI 3 ; ±5 V inputs, binary coded sample Interval control. 

DRMIN Q - DRMIN ? ; ±5 V inputs, 9's complement BCD delta RMIN control. 

DPq - DP^; +5 V Inputs, data precision control. 

RPEINVAL, VIDINVAL, CNTINVAL, ORALT, CLKINVAL: TTL outputs, TRUE 

(+2 V, 20 mA) indicates, respectively, poor RPE data, poor video 
data. Invalid control setting, video overrange, clock out of sync. 

PWR ON; +2 V, 20 mA output whenever power is applied. 
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TABLE I (Cont'd) 

LIST OF FRONT PANEL CONNECTOR SIGNALS FOR THE DORS 



N5.7; - 5.7 V "false" voltage reference to control switches, 
limited by 100 0. 

J106: 

AUX ADD 0 - AUXAD0 3> AUXCLK, AUXST: differential outputs to the 
auxiliary data board In the AGC/STC processor, TTL. 

RAOMODE: AUXDATA, AUXSTRB. STCTRIG, differential Inputs from the 
auxiliary data board, TTL. 

N2, P5, N5.7, TEMPI, TEMP2, PRES; analog dc voltage outputs to 
auxiliary data board, TTL. 

P15, +15 V at 20 mA, resistor limited, from the auxiliary data board. 

SYSCLK: 2.07065 MHz, TTL system clock signal Input from the auxil- 
iary data board. 

J107: 

+28 V with return at 4 A max, fused; 200 V, 400 Hz, 3-phase, 
at 300 mA max 

J108: 

50 ft vertical polarization video Input from the optical recorder. 
Level is adjustable from ±0.5 V pp to ±1.0 V pp. The Input Is 
dc coupled. 

J109: 

50 ft horizontal polarization Input, at the same level as J108. 
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3. Auxiliary Data Board 


Because of Inadequate processing space In the DDRS, certain 
analog signals are shipped out to the AGC/STC processor for conversion 
to digital signals on the auxiliary data board. These are pressures, 
temperatures, and voltages, which are monitored In the DDRS and recorded 
on the wideband recorder. Clock strc^e outputs and Inputs control the 
operation of the auxiliary data board. Other outputs from the A6C/STC 
processor that Involve the auxiliary data board are the STC trigger, 
which Initiates a digitizing cycle In the DDRS, a dc altitude signal 
which Is digitized and sent back to the DDRS for formatting, a signal 
conditioned 2.07065 MHz clock pulse, and a digitized radar mode signal. 

4. Controls 


The cockpit-mounted control panel permits an operator to send 
control signals In digital form to the DDRS. The operator can select 
the sample Interval (SI), data precision or number of bits (DP), and the 
start sampling range (DRMIN). Power ON and logic voltages are also 
supplied. Signals sent to the control panel are Invalid signals for the 
clock, video, and RPE data, to Inform the operator of a problem In the 
DDSP. A control Invalid (CNT INVAL) signal Informs the operator that an 
Invalid set of switch settings has been selected. An over-range alert 
(OR ALT) signal alerts the operator to video signals which are exceeding 
the range of the A/D converters. 

5. Recorder 


Eight tracks of formatted video (in FLAMR format) are sent to 
the wideband tape recorder in Miller code, and one track, similarly for- 
matted and coded, of RPE data. A clock output signal Is furnished to the 
same connector (J-104); however, It Is not recorded. 
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6. Power 


The DDRS uses +5 V for TTt operations, and -5.75/-2.0 V for 
MECt operations. These are supplied from two Integral dc power supplies, 
which are driven from the aircraft 28 Vdc bus. A cooling fan Is driven 
by 400 Hz ac power. 

7. System Test 

Video and RPE data encoded In NRZ format are supplied on 
connector J-103 for other uses, such as checking the performance of the 
DORS In real time. A RPE test signal and a signal to select between UPPS 
and the auxiliary data board are Input to the DORS. A RPE trigger and 
parity check signal are supplied on the same connector, as Is a video 
trigger. 

C. Performance Specifications 

1 . Controllable Parameters 

Number of Range Samples Recorded: 

7-bi t data: 512 per polarization channel 

4-blt data: 1024 per polarization channel 

2-blt data: 2048 per polarization channel 

1-blt data: 4096 per polarization channel 

Allowable Slant-Range Sample Intervals: 40, 50, 60, 70, 80, 

90, 100, 110, 120, 130, 140, 150 nsec 
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Recorded Slant Range and Ground Range Swath Widths: 


Slant Range 

Data 

Slant Range 

Mode 1 G-R 

Mode 2 G-R 

Sample Interval 

Precision 

Swath Width 

Swath 

Swath 

(nsec) 

^blts) 

(km) 

(nml) 

(nml) 


40 

(6.0 m) 

7 

3.1 

(1.66 

nml) 

2.5 

- 

6.5 

10 

- 12.2 


II 

4 

6.1 

(3.31 

nml j 

2.5 

- 

9.2 

10 

- 14.3 


II 

2 

12.3 

(6.62 

nml ) 

2.5 

- 

13.6 

10 

- 18.2 


It 

1 

24.6 

(13.2 

nml ) 

2.5 

- 

21.2 

10 

- 25.4 

50 

(7.5 m) 

7 

3.8 

(2.07 

nml) 

2.5 


7.3 

10 

- 12.7 


II 

4 

7.6 

(4.14 

nml) 

2.5 

m 

10.4 

10 

- 15.3 


II 

2 

15.2 

(8.28 

nml) 

2.5 

- 

15.6 

10 

- 20.0 


II 

1 

30.4 

(16.6 

nml ) 

2.5 

- 

24.9 

10 

- 29.0 

60 

(9.0 m) 

7 

4.6 

(2.48 

nml) 

2.5 

• 

7.9 

10 

- 13.3 


II 

4 

9.2 

(4.97 

nml) 

2.5 

* 

11.5 

10 

- 16.3 


II 

2 

18.4 

9.94 

nml ) 

2.5 

- 

17.5 

10 

- 21.9 


ll 

1 

36.8 

(19.9 

nml ) 

2.5 

■ 

28.4 

10 

- 32.5 

100 

(15.0 m) 

7 

7.6 

(4.14 

nml ) 

2.5 

- 

10.4 

10 

- 15.3 


ll 

4 

15.2 

(8.28 

nmi ) 

2.5 

- 

15.6 

10 

- 20.0 
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2 

30.4 

16.6 

nml ) 

2.5 

- 

24.9 

10 

- 29.0 


II 

1 

60.8 

(33.2 

rani ) 

2.5 

- 

42.2 

10 

- 46.2 


Available Delays from STC Trigger to Start of Sampling: 
2-99 ysec In 1 ysec Intervals 


2 . 


Video Characteristics (each polarization channel) 
Video Input Impedance 75 ft 

Video 3 dB Bandwidth >20 MHz 


Maximum Video level (adjustable) 
Maximum Video Sampling Rate 
Conversion Accuracy 
rms Sampling Jitter 
Digital Code after Conversion 
Minimum IPP (worst case) 

Data Record Format to Tape 
Tape Track Encoding 
Tape Track Assignment 


±1.0 V 
25 MHz 
<30 mV 
1 nsec 

2's complement 
700 ysec 
Fig. 8 
Miller Code 
Table II 


21 


INTER PULSE PER 1 00 > 540 *MC 



FIGURE 8 

VIDEO DATA RECORD FORMAT 


TABLE II 

MINCOM RECORDER OPERATING PARAMETERS 
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3. RPE Characteristics 

Data Sampling Frequency 100 Hz 

(established by NERDAS) 

Data Types and Formats Table III 

Data Record Format to Tape Fig. 9 

4. Power Requirements 

+28 Vdc at 4 A max 

200 Vac, 400 Hz, 3 Phase at 0.4 A max 

5. Physical Characteristics 

Weight 25 1b 

Dimensions 13 1/4 in. L x 8 1/2 in. W x 9 3/8 In. H 

D. Hardware Description 

1. Mechanical Overview and Interconnection Scheme 


The circuitry of the DDRS, other than the auxiliary data board, 
is contained in a custom fabricated enclosure designed for mounting in 
the RB-57 electronic pallet (Dwg. No. 1). On the back panel of this 
enclosure are mounted all input and output cylindrical connectors (J-101- 
J-109). Inside the enclosure are mounted two power supplies, a cooling 
fan, and a card cage with eleven numbered card slots, six of which (slots 
2, 4, 6, 8, 9, and 11) contain circuit boards and one of which (slot 1) 
contains a cable connecting board. 

Drawings No. 2 and 3 show the wiring scheme inside the enclosure. 
The six circuit boards plug into the backplane connectors (J2, J4, 06, 

J8, J9, Jll) through the board-mounted plug connectors ( PZ , P4, P6, P8, 

P9, PI 1 ) . The backplane connectors are wired to one another by wi rewrap 
connections according to the backplane wiring diagram, Dwg. No. 2. Also, 
the circuit board plugged into 02 (in card cage slot 2) is connected to 
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TABLE III 
RPE DATA FORMAT 


Data Bit Numbers 

MSB A _ _ . . LSB 

\ 

^23 2( 

1 

12 i 

0 

1. TIME 

IOxH 

lxH 

lOxMIN 

IxMIN 

lOxSEC 

lxSEC 

BCD 

2. DATE 

IOxYR 

lxYR 

lOxMO 

lxMO 

lOxDAY 

IxDAY 

BCD 

3. LATITUDE 

SIGN 

1 0x DEG 

lxDEG 

lOxMIN 

IxMIN 

.:xMIN 

— 

m 

4. LONGITUDE 

SIGN 

lOOxDEG 

lOxDEG 

lxDEG 

lOxMIN 

IxMIN 

BCD 

5. RADAR ALT 

xxxx 

lOkxFT 

lkxFT 

lOOxFT 

lOxFT 

lxFT 

BCD 

6. HEADING 

— 

xxxx 

xxxx 

lOOxDEG 

lOxDEG 

lxDEG 

.lxDEG 

BCD 

7. DRIFT 

xxxx 

XXXX 

SIGN 

lOxDEG 

lxDEG 

.lxDEG 

BCD 

8. ROLL 

SAME AS DRIFT 

9. PITCH 

SAME AS DRIFT 

TO. GND SPD 

xxxx 

XXXX 

XXXX 

lOOxkt 

lOxkt 

Ixkt 

BCD 

i 

11. VERT ACC 

xxxx 

xxxx 

SIGN 

lxG 

.lxG 

.OlxG 

II i 

12. IPP 

xxxxxxxxxxxxxxxxxxxxxxx 

jlPPn IPP n 

BIN 

LSB = 482.94 nsec.„ __ 

j 

13. FRAME NO. 

xxxxxxxxxxxxx 

f FN 13 FN 0 

BIN 

J 

incremented every 80 msec 
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TABLE III (Cont'd) 
RPE DATA FORMAT 


14 . 


STATUS WORD 


SW o : 

VIDVAL 

(1 «v1deo data valid) 

SW<! : 

RPEVAL 

(1«RPE data valid) 

SW 2 : 

CLKVAL 

(1 -clock In sync) 

SW 3 SW ? : 

0R o -0R 4 

(count of video overranges 


$W 8 SW 11 : 


SW 12 SW 23: 


PARERR, 


LSB-8 for 7-blt precision u ata 
LSB-16 for 4-blt precision data 

LSB-32 for data precision-2-bit 
LSB»64 for data precis1on*l-b1t 

- PARERR, (count of buffer memory parity errors 
In 10 msec - active only In 7-blt data 
precision mode) 


LSB=1 error 


undetermined 


15. MODE WORD 

MD Q - MD ? : 
MDq - M0 15 : 


MDie - MD 19 : 


MD 2q - MD 21 : 


MD, 


undetermined 

DRMIN - DRMIN 7 - coded into 2 digits of 9's comple- 
0 ' ment of BCD 

(delta RMIN) 

LSB-965.880 nsec 

SI - SIj (sample interval) 

LSB-10.0613 nsec (inverted binary) 

DP. 


DP] (data precision) 


DP o 

DP] 

Data Precision 

0 

0 

1-bit 

0 

1 

2-blt 

1 

0 

4-bit 

1 

1 

7-bit 


22 - 


RADMODE (Radar Mode: 


0=Mode 

l=Mode 


\) 


NOTE: 


MD 23 : CNTLVAL (l=Mode Control Settings Valid) 

FOR NERDAS DATA, THE SIGN CODE IS: + : H10 

- : 1100 






TABLE III (Cont'd) 
RPE DATA FORMAT 


RPE ADDRESS 201 > 220 (AUXILIARY DATA) 
DATA FORMAT 


23 

11 0 


M L 

xxxxxxxxxxxxxxxxxx 

s * - »s 


B DATA B 


Binary bits 0-11 define a whole number Integer (N) between 0 and 
4095. To translate N Into its corresponding voltage for each 
parameter, use the following equations: 


AUXILIARY DATA EQUATION 


0. 

UNDEFINED 

Voltage * 

1. 

TEMPI 

TEMP, °C = 

2. 

TEMP2 

II 

3. 

TEMP3 (not connected) 

n 

4. 

TEMP4 

II 

5. 

-5.7 V DDRS 

Voltage * 

6. 

+5 V DDRS 

Voltage * 

7. 

-2 V DDRS 

Voltage = 

8. 

+5 V AUX 

Voltage * 

9. 

-15 V AUX 

Voltage * 

10. 

REF (+10 V) 

Voltage * 

11. 

dc ALT 

Voltage a 

12. 

AGC/MAN 

Voltage = 

13. 

GAIN 

Voltage = 

14. 

+15 V AUX 

Voltage =* 

15. 

PRESSURE 

PSIA 


(2.443 x 10‘ 3 )N 
(0.0304) (N-1309) 


-(2.397 x 10" 3 )N 
(2.443 x 10' 3 )N 
- (2.397 x 10" 3 )N 
(2.443 x 10" 3 )N 
-(4.986 x 10" 3 )N 
(4.888 x 10’ 3 )N 
(2.443 x 10' 3 )N 
(7.473 x 10' 3 )N 
(2.443 x 10‘ 3 )N 
(4.893 x 10‘ 3 )N 
[(4.618 x 10’ 3 )N] -3.75 


k 

* 
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START OF 
NEXT RECORD 


— DATA RECORD 44 BITS, 1.e.» 22.88 usee 
SYNC WORD 


FILLER 1'S . 

(AS REQUIRED) 




1 1 1 

OOOlllOllOl 

ADDRESS 
(8 BITS) 

DATA (24 BITS) 

P 

1111 

0 0 0 


ADA 

t r 

AD8...AD2 

V / 

MSB LSB 

^ PARITY 


TAPE MOTION 


FIGURE 9 

MAGNETIC TAPE FORMAT - RPE DATA RECORD 
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J3 In the backplane through the five ribbon cables (CAB 1 - CAB 5) and the 
plug connector (P3) which are mounted on the cable board (In slot 3). 

Interconnections between the card cage and the enclosure back 
panel are made by ribbon cables (for digital signals) and by coaxial 
cable (for analog signals) as specified In Dwg. No. 3. Digital signals 
leave the card cage backplane from connectors J1 and J10, which are 
mounted In slots 1 and 10. Unlike the other backplane connectors, J1 
and J10 have no circuit boards plugged Into them, but serve merely to 
connect the ribbon cables from the cylindrical I/O connectors on the 
enclosure to the backplane wiring on the card cage. 

2. Circuitry Description and Theory of Operation 
a. Overview 


The DDRS circuitry Is partitioned Into seven circuit boards, 
six of which are contained Inside the main enclosure and one of which Is 
In the AGC/STC processor unit. An effort was made to assign each circuit 
board a unique function, rather than randomly distribute the required 
system components among an arbitrary number of boards. Furthermore, the 
circuitry is composed of a very high speed section employing emitter 
coupled logic (ECL) and a medium speed section of transistor-transistor 
logic (TTL), each having very different requirements in terms of supply 
voltages and circuit layout. Finally, there simply was not enough room 
In the space allotted for the DDRS in the equipment pallet to fit In all 
the required circuitry and power supplies. So a seventh board (the auxil- 
iary data board), containing all the components requiring ±15 V supplies, 
was fabricated to go in the AGC/STC processor unit, where ±15 V was already 
available. 


The seven circuit boards perform the following functions: 

Clock Generator Board (4-layer printed circuit - slot 9) : Generates 
"clock" pulses which cause the radar video signals to be sampled 
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and digitized at a programmable frequency and with a programmable 
delay with respect to the STC trigger. 

Phase locks the sample pulses to the 2.07065 MHz radar timing clock. 

Provides detection of an out-of-lock condition In the phase lock loop. 

Contains temperature and pressure sensors. 

Video A/0 board (4-1ayer printed circuit - slot 6) : Converts the 

Instantaneous horizontal and vertical video voltages Into two digital 
data words, upon receipt of a sample pulse from the clock generator 
board. 

Truncates the data words to a programmable number of bits (1, 2, 4, 
or 7) and steers the retained bits Into the video memory to allow 
for packing of data words le r *s than 8 bits long Into 8-blt wide 
storage. 

Adds an even parity bit to 7-blt data words. 

Tests for overrange (clipping) of the video signals at the sapling 
times. 

Provides a reference dc output to the test connector for testing 
purposes . 

Video memory board (4-layer printed circuit - slot 4) : Stores the video 
data words at the high sampling rates and reads them back e* * at the 
lower recording range. 

Packs 4-, 2-, and 1-blt data Into 8-blt words. 

Multiplexes horizontal and vertical data words onto eight lines as 
they are read out of the memory. 
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Video formatting board (wl rewrap - slot 11) : Demultiplexes end formats 
the horizontal and vertical video data words from the video memory 
Into eight channels of FLAHR-formetted serial data. 

Mlller-cncodes the eight video channels *.nd outputs them through 
differential line drivers to the wideband tape recorder. 

Sets the 1.92 MHz recording clock rate. 

Tests for activity on the video and RPE outputs to the tape recorder 
and alerts the operator In the case of an Inoperative channel. 

Radar parameters and environment (RPE) formatting board (wlrewrap - slat 81 : 
Commutates and formats data words from the UPPS, the auxiliary data 
board, and the cockpit control panel switches, as well as data words 
generated on the RPE formatting board, Into a single FLAMR-formatted 
serial data stream. 

Measures the Interpulse period (IPP). 

Generates frame numbers. 

Tests the phaselock of the clock generator board and alerts the 
operator of loss of lock. 

Counts the video memory parity errors. 

Miller-encodes the RPE output data stream. 

Interface board (wirewrap - slot 2) : Converts ECL-level logic signals to 
TTL-level, and vice versa. 

Receives differential TTL signals and *5 V signals and converts them 
to single ended TTL. 
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Checks the cockpit control switch settings against a programmed set 
of valid settings and alerts the pilot If his settings are Invalid. 

Checks the parity of the video data as they are read out of the 
video memory. 

Counts the number of A/D samples that were clipped. 

Auxiliary data conversion board (wi rewrap - inside the AGC/STC processor 
unit) : Converts 16 channels of auxiliary analog information (tempera 
tures, pressure, voltages, radar parameter signals) Into 12-bit digi- 
tal words. 

Outputs the 12-bit words to the RPE formatting board to be formatted 
into the RPE data tape track. 

Measures the temperature inside the AGC/STC processor unit. 

Buffers the STC trigger and radar mode output signals from the 
AGC/STC processor unit to the n[)RS. 

b. Detailed Board-by-Board Description 

(1 ) Clock Generator Board (Dwg. No. 4) 

The primary input to the clock generator board is the 
SYSCLK clock signal at 2.07065 MHz. This signal is clipped at +5 V and 
ground, and then converted to ECL levels by U24. ECL logic r ignals are 
described in Appendix D, Section 1. 

The primary output of the circuit is the gated sample 
clock, the three identical copies of which are called GSCOR, GSCAD, and 
GSCMEM. Since this clock must be phase coherent with SYSCLK but at a much 
higher frequency, a coherent oscillator at 99.3912 MHz is employed which 
is phase locked to the 2.07065 MHz SYSCLK. U12 is an ECL oscillator; its 
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frequency is established by the resonance frequency of LI in parallel 
with C7 and the reverse junction capacitance of varactor diode D4. The 
output of U12 is a phase coherent 99.3912 MHz timing signal used to syn- 
thesize the sampling frequency. It is divided by 48 in U8 and U13 to pro- 
duce a 2.07065 MHz square wave coherent in phase and frequency to SYSCLK. 
Phase comparator U23 compares the phase of the SYSCLK signal to that of the 
synthesized 2.07065 MHz square wave; any phase difference results in correc- 
tion pulses at pins 3 and 11 of U23. These pulses either sink or source 
current through Schottky diode bridge D1 to the integrating circuit built 
around the high speed operational amplifier U22. The integrated correction 
pulses at the output of U22 are connected to the cathode of the varactor D4 
in order to correct the output frequency by changing the capacitance of 04. 
This closes the loop and ensures phase coherence. 


The phase lock loop natural frequency and damping 
factor are set by Rl, R2, R3, and C3. Loop stability is improved by Cl 
and C4. C8, C9, and CIO frequency compensate the operational amplifier. 

R6 injects a small dc current into the integrator, which results in a 
small constant phase offset in the VCO output. It was found when inte- 
grating the DDRS with the noisy radar equipment in the pallet that exter- 
nal noise rejection was improved by this phase offset. 

The sampling frequency is synthesized by the circuit 
composed of U2, U3, and U4. The output of U2 at pin 15 is a series of 
20 nsec pulses, which is gated (by a wire OR connection) with U14, pin 15. 
The repetition frequency of these pulses is determined by the programmable 
counter U4, which divides the 99.3912 MHz coherent clock frequency by any 
integer from 4-15. The actual divisor integer is set by the logic levels 
on the programming inputs of the counter; these levels are in turn set by 
the position of the cockpit "sample interval" switch. The resulting sam- 
pling intervals available range from approximately 40 nsec (divide by 4, 
actually 40.2 nsec) through 150 nsec (divide by 15, actually 150.9 nsec) 
in 10 n sec intervals. 

The circuit composed of U3, U9, U10, U14, U19, and 
U20 gates the output of the sampling frequency synthesizer. This circuit 


x'CfMf'.K rncF. pj^pjv mo-' 
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Is triggered out of Its quiescent state by the STC trigger pulse (STCTRIG), 
which sets the left side of dual flip-flop U14. This enables the decimal 
counters U10 and U20 to begin counting up from their pre-set values, which 
are set by the cockpit DRMIN control switches. The clock Input to these 
counters Is the phase locked 2.07065 MHz clock, and their enable Input Is 
a 1.035325 MHz signal from U9, pin 3; therefore, the counters Increment 
once every microsecond (actually once every 0.966 ysec). The pre-set values 
from the DRMIN cockpit control switches determine the number of counts 
(1 nsec per count) that the counters must Increment before gating "on" 
the sampling Interval generator. After the programed DRMIN delay has 
passed since the STC trigger, pin 15 of U9 and pin 15 of U14 have gone 
false and the sampling clock pulses from pin 15 of U2 are gated through 
U17 to the video A/D board. 

Once the sampling pulses are gated on, they continue 
until the buffer memory has been filled with one IPP's worth of digitized 
data. At this time, the video memory board sets the memory read/write 
(MR/W) line high. This signal sets the right half of flip-flop U14 on 
the clock generator board, which in turn gates off the sampling clock. 

At this time, the DRMIN delay circuit has returned to its quiescent state, 
and awaits the return of MR/W to a low state and the occurrence of the 
next STC trigger. The net effect of the circuit is to deliver sample 
pulses to the A/D board in each IPP from the time the DRMIN delay times 
out after the STC trigger, until the buffer memory is full. 

A detailed timing diagram of the sampling interval 
generator and DRMIN delay generator circuits is found in Figs. 10 and 11 
which fully describe the operation of these circuits. 

Included on the clock generator board are a pressure 
transducer and one of the three temperature transducers (TEMP 1) included 
in the DDRS. The transducer output is connected to the auxiliary data 
conversion board in the AGC/STC processor unit. 
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(GO nsec) 



SAMPLE CLOCK TIMING 





(2) V ideo A/D Board (Dwg. No. 5) 


The primary inputs to the video A/D board are the two 
video channels and the three (Identical) sampling clocks. The outputs 
are two channels of quantized video data, a memory write signal, and an 
overrange count signal. 

The heart of the A/D board Is the TRW 1007 8-blt, 

33 MHz A/D converter integrated circuit (U25 and U26). The limits on 
the Input voltage the chip can quantize are the potential at pin 11 (V RT) 
on the positive end and the potential at pin 22 (V RB) on the negative 
end. This voltage range is divided into 256 discrete subranges, to which 
the chip assigns consecutive 8-bit digital numbers. The most positive 
voltage (V RT) must be set to ground potential; the most negative voltage 
(V RB) may be set to between -1 V and -2 V. The A/D conversion is triggered 
by a TTL level pulse at pin 30 (CONVERT). The output words are TTL level, 
and one of four different digital encoding schemes may be selected by 
appropriate TTL levels on pins 36 (NL/NV) and 41 (NK/NV). 

The horizontal and vertical video inputs to the video 
A/D board are bipolar signals of approximately 1 V pp, i.e., ±0.5 V. 

Video amplifiers U19 and U20 invert the video signals (voltage gain * -1) 
and offset them by an adjustable voltage (currently set at -0.5 V). The 
outputs of the video amplifiers have a voltage range of 0 to -1 V with a 
±5 V input and feed into the analog inputs of the two TRW 1007 chips (one 
chip for horizontal video and one for vertical). The negative full-scale 
voltage level at pins 22 of the chips is set by the gain adjustment poten- 
tiometer R1 , which in conjunction with 2.5 V reference source U21 and 
voltage inverter U22A, effectively sets the A/D gain of the DDRS. If the 
video signals turn out to actually be, e.g., 2 V pp, R1 may be adjusted to 
set negative full scale at -2 V (as measured at the A/D chip , not at the 
video input; full scale at the input would in this case be ±1 V). The 
bias (offset) of the video amplifier outputs is adjusted by R2, which 
varies the voltage at the noninverting Inputs of the amplifiers from 0 to 
one-half the reference voltage. It is normally set at one-fourth the 
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reference voltage; as a result* a grounded video Input translates Into a 
one-half full scale voltage at the analog Input of the TRW chip. This 
results In a digital "zero" on the TRW output. In case of an unwanted 
dc offset In the video signals* this potentiometer may be adjusted to 
compensate. Since the bias voltage tracks the reference voltage* adjust- 
ment of the gain control will not alter the effective bias setting. 

Overrange voltage comparator IC's U23 and U24 produce 
a positive ECL level when the video Inputs to the TRW chips exceed the 
positive or negative full scale levels. These levels are latched by the 
sampling clock (GSCOR) Inside the comparators and are gated with the 
sampling clock (GSCMEM) to create a sample signal of one pulse per over- 
rang e (ORCNT). 


A clock delay line, U17, Is Included to allow timing 
adjustments of the sampllnc clock. Provision Is made for two jumper 
selectable delays: one allows the memory write clock (MWRTCLK) to be 
delayed In order to compensate for propagation delay from the rising edge 
of the sample clock to the presentation of data to the memory board; the 
other allows the sample clock to U25 to be delayed with respect to the 
sample clock to U26, to compensate for different propagation delays through 
the two TRW chips. The setting of these timing adjustments will be dis- 
cussed in Sec. IV. 


All logic signals to the TRW A/D chips are TTL level. 
U5, U6, U7, U8, and U18 perform ECL to TTL and TTL to ECL conversions. 
Separate ground planes are maintained on the board; the analog ground 
plane Is ground for all analog components, while the digital ground plane 
is ground for all digital components. The two grounds are connected on 
the backplane where the video A/D board plugs in. 

The output code selected by the NMINV and NLINV lines 
on the TRW chips Is positive- true 2's complement: 


DORS VIDEO INPUT 


A/D CHIP DIGITAL COOE 


+ full-scale: 
♦ one-step: 
zero: 

- one-step: 

- full-scale: 


NSB LSB 
01111111 

00000001 

00000000 

11111111 

10000000 


The least significant bit (LSB) of this code Is dropped by U12 and U1S 
and replaced by an even parity bit. 


According to the data precision selected, each data 
word from the A/D's and parity generators Is truncated and has Its Indi- 
vidual bits steered to the proper buffer memory chip by multiplexers U2, 
U3, U4, U11, and U9, U10, U11, U14. The following data patterns are out- 
put to the video memory board on lines D v0 * D v 7 ( and d ho" D H7^ : 


Data Precision 

°»7 

D v 6 

°v5 

°,4 

°*3 

CM 

> 

O 

°»1 

7 bit 

D 1 

D 2 

D 3 

»4 

5 S 

°6 

D 7 

4 bit 

D 1 

°2 

D 3 

D 4 

D 1 

°2 

°3 

2 bit 

D 1 

°2 

°1 

°2 

°1 

°2 


1 bit 

°1 

°1 

D 1 

D 1 

D 1 

°1 

°1 


Notes: D^(HSB)-Dy refer to outputs from the TRW A/D 

P Is the parity bit. 



chip. 


As shown above, only 7-bit data words contain a parity bit. 


(3) Video Memory Board (Dwg. No. 6) 


The data patterns from the video A/D board are 
temporarily stored in 1024 by 1-bit random access memory (RAM) IC's on 
the video memory board. Separate write clock and read clock inputs are 
provided on the board so that the data <n the memories may be read out 
at a slower rate than ey are written In. The board produces a key 
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control signal, MR/W, which sets the DDRS in either the acqulre-data 
state or the record-data state. 

When DRMIN times out after the STC trigger, the clock 
generator board begins sending sampling pulses to the A/D board. These 
pulses are delayed on the A/D board (to allow the digitized video samples 
to propagate through the A/D board) and sent to the video memory board as 
a memory write clock (MWRTCLK). The pulses are 20 nsec wide and positive 
going. The rising edge of each pulse is used to clock the address counter 
composed of U30, U31, and U34; tha falling edge triggers the write-enable 
one-shot composed of 1)36 and U37. The address counter increments from 0 
to 511 and drives the address lines of the RAM; note that only the first 
512 (out of 1024 total) locations in the RAM chips are used. The wri te- 
nable one-shot generates a negative going pulse to the write-enable input 
of each RAM chip when triggered. The width of this pulse is set by 
tapped delay line U36 and can be set to 12, 14, 16, or 18 nsec. The 
20 nsec between the rising and falling edges of the write clock pulse 
allows the address lines to the RAM chips to settle at least 5 nsec before 
the write-enable pulse arrives, as specified by the RAM data sheet 
(Fairchild 1041 5A). 


Each RAM chip has an enable input which must be 
brought low for data to be written or read. This input is used to con- 
trol the number of parallel data bits that are written for each A/D sam- 
ple, which depends on the data precision requested. For 7-bit data plus 
parity, eight parallel bits are required and all enable lines (EHT^ - ENq) 
to each 8-bit wide memory bank are brought low. For 4-bit data, first 
- EN^ are brought low, then ENg - ENg are Drought low, and then the 
address lines are incremented for the next two 4-bit data words. Similarly, 
for 1-bit data, each enable line is sequentially pulsed low, beginning 
with EN ? and ending with ENg, and after all eight enables have been pulsed, 
the address lines increment for the next round of eight samples. Changes 
on the enable lines are triggered by the rising edge of MWRTCLK, and all 
enable lines are stable by the time the write-enable pulse occurs. The 
chip-enable logic consists of U15, 1)16, U17, U22, U23, U24, and U25. 
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Since the address lines must change after every video 
sample In the 7-blt mode but only after every two, four, or eight samples 
In the 4-, 2-, and 1-blt modes, respectively, the clock frequency to the 
address counter must be changed with changes In the data precision. 
Multiplexer U29 selects the full frequency MWRTCLK or else divided-down 
frequencies, depending on the state of the data precision (DP Q , DPj) 
lines, and outputs the clock signal to the address counter. The data 
precision lines are coded as follows: 


Data Precision 

1 bit 

2 bit 
4 bit 

7 bit with parity 

After the address hunter has reached a count of 511, 
the next rising edge of the clock signal resets the counter to zero and 
toggles flip-flop U34 at pins 14 and 15. The state of this flip-flop 
determines whether the memory is in the read or the write mode. U34, 
pin 15, is the memory read write (MR/W) signal: true means read; false 

means write. A transition from read to write sets the clock generator 
board into a quiescent state, waiting for an STC trigger. A transition 
from write to read starts the video formatting board to immediately begin 
reading data from the memory. 

When the memory is in the read mode, the data 
precision signals (DPg and DP^) are gated true (at U33, pins 5 and 6) so that 
the memory reads out eight bits at a time. The memory read clock (MRDCLK)) 
is gated on, and the write-enable one-shot (1)37, pin 7) is gated off 
(true). The memory write clock (MWRTCLK) is gated off on the clock gen- 
erator board. The net result Is that the stored memory words are read 
out by MRDCLK. During this time, the 8-bit output of each memory bank is 
multiplexed by U14 and U21 onto eight lines (VIDDATq-VIDDAT^) to the video 
formatting board. The multiplexers are controlled by MRDCLK: when 

MRDCLK is low, the horizontal video memory data appear on the VIDDAT lines; 
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DP, 


DP, 


0 

1 

0 

1 


0 

0 

1 

1 
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when MRDCLK Is high, the vertical video memory data appear. Figure 12 
Illustrates the memory read timing. 

(4) Video Formatting Board (Dwg. No. 7) 

k 

The detailed timing and operation of the video 
i formatting board Is fully described In Fig. 12. A general summary of 

r the board's functions will be given here. 

| The rising edge of MR/W, signifying that the buffer 

[ memory is full and ready to be read, triggers the video formatting cir- 

cuitry from its quiescent state. This rising edge is synchronous with 
the sampling clock and, therefore, asynchronous with the 3.84 MHz timing 
clock in the video formatting board. Flip-flop VD5 synchronizes the 
rising edge of MR/W, loads the sync word into shift register UH5, and 
starts it clocking out the sequence multiplexers (UH4, UH5, UJ4, UJ5) to 
the Miller encoders at 1.92 MHz. Meanwhile, signal ADR clears the address 
counters in the video memory board for two MRDCLK cycles. Then the 
i parallel -to-serial converting shift registers (VD1, VD2, UE1, UE2, UF1, 

UF2, U61, U62) begin loading data from the memory board. UD1 loads first; 
its first data word is the first sample of the horizontal video. UG2 
loads last; its first data word is the fourth sample of the vertical video. 

The outputs of the parallel-to-serial converters are 
differentially delayed by registers UH1 , UH2, UH3, UJ1 , UJ2, and UJ3. 

This ensures that the serial data lines (DATAg-DATA^) are bit parallel, 
i.e. , the first bit of each data word emerges from the delay registers 
at the same time. Note that the parallel-to-serial converters are loaded 
such that the most significant bit (VIDDAT^) of a memory data word is 
shifted out first. 


! 

| 



After the sync word has passed through the sequence 
multiplexers, the multiplexer control lines change state and gate the 
FLAMR format control bit through the multiplexers. This bit is wired 
true. One bit time later, the controls again change state and gate the 
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data lines from the delay registers through to the Miller encoders. At 
this time, the first bit of each of the first eight data words has 
appeared at the delay register outputs. 128 words (1024 bits) of data 
are clocked through the multiplexers at 1.92 Mbs and are counted by the 
MUX control circuitry (UG3, UG4, UG5), after which the control lines to 
the multiplexers again change state. Now the outputs of the parity 
accumulator flip-flops (UH7, UH8, UH9, UH10) are allowed through to the 
Miller encoders for 1-blt time. After this 1-bit time, the sync word 
shift register is again gated through the multiplexer; the output of this 
register (UH6, pin 9) remains true until the sync word is loaded on the 
next rising edge of MR/W. Thus, the interrecord gap on the wideband tape 
contains a series of filler ones. 

Included on the video formatting board is a data 
validation circuit (UJ7, UJ8, UJ9, UJ10). This circuit tests for activity 
on the video and RPE output data lines before Miller encoding. Retriggerable 
one-shot UJ8 will normally remain constantly triggered. If, however, 
there is no activity on either the video data lines for approximately 
6.6 msec or on the RPE data lines for 81 msec, then the one-shot outputs 
will go false, and the respective signals VIDINVAL or RPEINVAL to the 
cockpit will go true. One-shot UJ9 is included to catch short dropouts 
from UJ8 and stretch them into 1 sec pulses to the cockpit. 

(5) RPE -ormatting Board (Dwg. No. 8) 

Operation of the RPE formatting board is controlled 
by the program counter (UF9, UF10) in conjunction with the control PROM 
(UE10). The program counter counts from 0 to 31 ; accordingly, there are 
32 possible RPE data sources. Currently, only 30 of these possible 
sources are recorded; these are shown in line 9 in the timing diagram. 

Fig. 13. Timing for the entire board is described in this figure. 

The primary control signals to the board are FCMR and 
PCCP (lines 2 and 3 of Fig. 13). PCMR, which is the (inverted) strobe 
signal from the UPPS corresponding to time-of-day, resets the counter to 
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zero* which Initiates the RPE output cycle and accesses the first memory 
location In the control PROM. The control PROM Is programmed as shown 
In Table IV. Bits 2, 3, and 4 of the PROM output determine the source of 
the data on the RPE data bus. For the first eleven locations, these bits 
are all zeroes which, when decoded by UG8, select the UPPS data bus driver 
(U03, UD4, UD5, UD6, UD7, UD8). Thus, the first eleven RPE records after 
a PCMR pulse contain NEROAS data. 

Bit 0 of the control PROM output selects either the 
UPPS strobe or a DDRS Internal 15 kHz clock as source of the program 
counter clock, PCCP. The first eleven PCCP pulses are from the UPPS 
strobe. While the rising edge of PCCP Increments the program counter, 
the falling edge Initiates the output of an RPE data record by enabling 
the output shift register (UE3, UE4, UE5, UE6, UE7, UE8) to begin shifting 
the record out. The PCCP rising edge also resets both halves of flip- 
flop UG9, which commands the output multiplexer (UE9) to gate the data 
record through to the Miller encoder (UJ9, UJ10, UH11). After 43 bits 
(11 bits sync, 8 bits address, 24 bits data) have been shifted out of 
the output shift register, pin 12 of counter UH9 goes false, which causes 
the record parity bit (even parity) to be gated through the output multi- 
plexer for 1-blt time. At this time, flip-flop UG9 is set, which gates a 
high level through the multiplexer (interrecord filler one's) until the 
next rising edge of PCCP. 

The contents of each data record are latched Into the 
parallel Inputs of the output shift register on the rising edge of PCCP. 
The first eleven bits are hard-wired as the sync code 00011101101. The 
next eight bits are the output of the address PROM (UF8). This PROM is 
programmed as shown in Table IV. The addresses are chosen according to 
the following criteria: 

(a) Parameters most useful during playback and CCT 
conversion are given the addresses of data which are displayed on the 
DRIE (at ARL-.UT). These parameters are: 
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TABLE IV 

NBC CONTROL PNOM NMD AOONESS BMOM BIT BNTTCNNS 


PROGRAM COUNTIN 1 
NOONCSS 

CONTNOL NNON OUTPUTS (UC10) 

NBC NOONCSS NMN 

QUTNUTS (UFO) 


kcihal 

HU 

BINNNT 

I7N 411 1 

OCTAL 

HEX 

BINNNT 
17 IM 

323 

OCTAL 

HU 

ONTA CONNCSBONOINB TO NBC 
NOONCSS 

0 

0 

0000 

000 0 

000 

00 

01 

111 

001 

171 

79 

TIME 


1 

1 

0000 

000 0 

000 

00 

10 

000 

000 

TOC 

90 

DATE 


z 

2 

0000 

000 0 

000 

00 

10 

010 

001 

221 

91 

LNTITVOC 


3 

3 

0000 

000 0 

000 

00 

01 

Oil 

010 

132 

SA 

L0N6ITU0C 


4 

4 

0000 

000 0 

000 

00 

01 

111 

101 

17S 

70 

ALTITUDE 

> NEROAS 

5 

5 

0000 

000 0 

000 

00 

01 

111 

000 

170 

71 

HCAOtNB 

1 

6 

0000 

000 0 

000 

00 

01 

010 

101 

12S 

59 

ONIPT 


7 

7 

0090 

000 0 

000 

00 

01 

Oil 

000 

130 

59 

NOLL 


• 

1 

0000 

000 0 

000 

00 

01 

010 

111 

127 

57 

BITCH 


9 

9 

0000 

000 0 

000 

00 

01 

111 

010 

172 

7A 

6N0UND SPEED 


10 

A 

0000 

000 1 

001 

01 

01 

010 

Oil 

123 

53 

VIATICAL ACCELERATION y 


11 

1 

0000 

001 1 

003 

03 

00 

010 

000 

020 

10 

INTER-PULSE PENIOO " 


12 


0009 

010 1 

005 

05 

01 

111 

111 

177 

7F 

FRAME MINDER 


13 

0 

0000 

Oil 1 

007 

07 

01 

000 

001 

101 

41 

STATUS 

> DORS 

14 

c 

0000 

100 1 

Oil 

09 

01 

000 

010 

102 

42 

MODE 


IS 

F 

1111 

101 1 

373 

FI 

01 

000 

Oil 

103 

43 

UNDEFINED y 


16 

10 

0000 

111 

017 

OF 

10 

000 

001 

201 

81 

UNOEFINEO 

> 

17 

11 

0001 

111 

03/ 

IF 

10 

000 

010 

202 

82 

TEMP I (OCRS BOARD 9) 

18 

12 

0010 

111 

057 

2F 

10 

000 

Oil 

203 

83 

TEMP 2 (DDRS BOARD 2) 

19 

13 

0011 

111 

077 

3F 

10 

000 

100 

204 

84 

TEMP 3 (NOT CONNECTED) 

20 

14 

0100 

111 

117 

4F 

10 

000 

101 

205 

85 

TEMP 4 (AGC/STC) 


21 

IS 

0101 

111 

137 

5F 

10 

000 

110 

206 

86 

-S.75 V POWER (DORS) 


22 

16 

0110 

111 

157 

6F 

10 

000 

111 

207 

87 

♦S V POWER (OORS) 


23 

17 

0111 

111 

177 

7F 

10 

001 

000 

210 

88 

•2 V POWER (DDRS) 

s, 

24 

18 

1000 

111 

217 

8F 

10 

001 

001 

211 

89 

♦5 V POWER (AGC/STC) 


25 

19 

1001 

111 

237 

9F 

10 

001 

010 

212 

8A 

-IS V POWER (AGC/STC) 


26 

1A 

1010 

111 

257 

AF 

10 

001 

on 

213 

88 

+10 V REFERENCE 


27 

16 

1011 

111 

277 

IF 

10 

001 

100 

214 

6C 

dc ALTITUDE 


28 

1C 

1100 

111 

317 

CF 

10 

001 

101 

215 

80 

AGC/HANUAL GAIN 


29 

10 

1101 

111 

337 

or 

10 

001 

110 

216 

8E 

GAIN 


30 

IE 

1110 

111 

357 

EF 

10 

001 

111 

217 

8F 

♦IS V POWER (AGC/STC) 


31 

IF 

ANALOG WX fz: 
ADDRESS V- 

377 

ss *8 
1: 5 

*1 a 

FF 

ly 10 0|Q POO, 

sga 

220 

90 

AMBIENT PRESSURE (DORS) 

/ 
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AUXILIARY DATA COUVERSKM OOAJtD 



RPE Parameter 


Address 

(Octal) 


* 


Time 
Heading 
Ground Speed 
Frame Number 
Altitude 


171 
170 

172 
177 
175 



LONGITUDE 
LATITUDE 
HEADING 
FRAME NUMBER 
RMIN 


(b) The other parameters are assigned arbitrary 
addresses convenient for the ARL:UT software which reads and processes 
the RPE data. 


The 24 bits following the eight address bits are 
latched from the RPE data bus. There are six sets of bus drivers, only 
one of which Is enabled (by UG8, according to bits 2, 3, and 4 of the 
control PROM) at a time. The bus driver for UPPS data has been mentioned. 
The others are (1) the IPP counter driver (UF3, UF4), (2) the frame 
counter driver (UF5, 'JF6, UF7), (3) the mode driver (UD2, UD9, UD10), 

(4) the status driver (UD1, UH1), and (5) the auxiliary data driver (UE2, 
UF2). 

The IPP counter (UG2, UG3, UG4, UH2, UH3, UH4) 
counts the number of cycles of the 2.07065 MHz radar clock that have 
occurred between STC triggers. This number is latched on the rising edge 
of each STC trigger pulse, about once every 750 psec. However, the IPP 
counter number, like all RPE data values. Is only recorded on the wide- 
band tape once every RPE output cycle, every 10 msec. Since the STC 
trigger is asynchronous with the RPE timing, occasionally the IPP number 
will change while being latched into the output shift register, resulting 
in faulty IPk reading. However, such an error should not occur more than 
once every 2.7 min, or about six times during an entire wideband tape. 

A frame number is recorded on the RPE track which 
is used by the DRIE and the ARL:UT data reduction software to block off the 
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video data Into manageable segments. The frame counter (UG5, UG6, UG7, 
UH5, UH6) on the PPE board Increments with every eighth cycle of UPPS/ 
NERDAS data. This amounts to once every 80 msec* or approximately once 
every 107 video data records (or once every 107 IPP's). The actual frame 
mmber Is arbitrary. The playback operator will not use the frame number 
to Identify the data; he will only use It to manage the data. Data Iden- 
tification and correlation with the optical recorder data may be accom- 
plished using NEROAS tlme-of-day. 

The mode data are the 1$ bits of the operator 
control settings along with the control valid bit, which are recorded as 
one contiguous data word. The status data consist of a 5-blt count of 
video overranges (from the Interface board), the video valid and RPE 
valid bits (from the video formatting board), the clock valid bit, and 
a 4-blt count of word-by-word parity errors, all composed Into one 12-bit 
data word. The parity error counter Is or the RPE board (UJ1, UJ2, UJ3, 
UH2). When the DDRS Is In the 7 -bit data precision mode, the circuit 
counts the nunber of parity errors (In the 7 bit plus even parity video 
data words) during each data record. The count accumulates for 10 msec 
up to a maximum of 15 errors, at which count it holds until output to the 
wideband tape. The clock validation circuit (UJ4, UJ5, UJ9, UJ1) tests 
for an out-of-lock condition on the clock generator board. The clock 
skew (CLKSKEW) signal from the clock generator board is an exclusIve-NOR 
of the two inputs to the phase comparator. A false level on this line 
occurs during the time when the reference 2.07065 MHz signal and the syn- 
thesized phase locked 2.07065 MHz are out of phase. The rising edge of 
the clock to flip-flop UJ9, pin 12, occurs approximately 75 nsec after 
the rising edge 2.07065 MHz synthesized clock. If at this point, in each 
2.07065 MHz clock cycle, CLKSKEW is false, then the CLKVAL line goes 
false and CLKINVAL to the cockpit goes true. One shot UJ4, pin 5, 
stretches momentary losses of lock into 1 sec pulses on CLKINVAL. 

The auxiliary data comes from the auxiliary data 
conversion board as a serial data stream. The interface board generates 
a signal (AUXCP) to clock the serial data into the auxiliary data shift 
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register (UEi, UH7). The parallel outputs of this shift register 
constitute the 12-bit auxiliary data word. Fifteen different analog 
parameters are digitized, shifted into the auxiliary data shift register, 
and output through the output shift register during each 10 msec RPE 
eyrie. The RPE timing diagram (Fig. 13) shows the order in which the 
auxiliary data are output. The order shown is determined by bits 5, 6, 

7, and 8 of the control PROM (UE10). Data formats for all types of RPE 
data are shown in Table III. 

Included on the RPE formatting board is the 
overrange alert one-shot (UJ4) , which outputs a 1 sec ORALT pulse to the 
cockpit when the MSB of the overrange counter (OR^) goes true. This con- 
dition will occur when about 30% of the video samples are in saturation. 

(6) Interface Board (Dwg. No. 9) 

Most of the circuitry on the interface board is 
involved with logic level conversion, line receiving, and line driving. 
Most ECL-TTL and TTL-ECL signal conversions in the DDRS take place on the 
interface board. The ±5 V logic signals from the cockpit control panel 
are converted to TTL and ECL levels here. Since Dwg. No. 9 clearly shows 
the signal conversion circuitry, no further discussion of it is necessary 
here. 


However, there are a few control circuits included on 
the interface board. These are (1) UPPS and auxiliary data timing, (2) 
control validation, (3) overrange counting, and (4) parity checking. 

The UPPS and auxiliary data timing circuit (U19, U20, 
U21 , U22, U27, U29) synthesizes the PCMR and PCCP signals required by the 
RPE formatting board, as well as control and timing signals for the auxil- 
iary data conversion board. U27 outputs the PCMR pulse when the first 
strobe (time-of-day) of a data cycle from the UPPS occurs. The UPPS ad- 
dress line receiver (U32) is currently wired to recognize an address of 
0001 for the time-of-day strobe, but for future requirements, these may 
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be changed to recognize any time-of-day address by reversing the Inverting 
and noninverting Inputs as required. 

The PCCP signal has for its source either the UPPS 
strobe or a 15 kHz square wave from U20, pin 13. Signal R0 M q from the 
RPE formatting board (the LSB of the control PROM on that board) deter- 
mines the source: a false level selects the strobe by disabling counters 

U19 and U20, while a true level selects the square wave by enabling the 
counters and gating off the strobe at U4, pin 10. (An ECL inverter with 
a wire OR connection followed by a ECL-TTL translator is used here because 
of lack of space for another TTL NAND gate on the board.) 

The AUXST signal commands the A/D converter in the 
auxiliary data conversion board to start a conversion. It is a 2 nsec 
negative going pulse generated on the rising edge of the 15 kHz square 
wave from U20, pin 13. The AUXCLK is the 0.96 MHz clock signal to the 
A/D converter chip on the auxiliary data board. The timing of these 
signals is shown in Fig. 13. 

The control validation circuit (U16, U23, U24, U30, 

U31, 1)36, U37, U43, U44) compares the fou^ cockpit settings (delta RMIN, 
sample interval, data precision, and radar mode) with preprogrammed valid 
control setting in the PROM's U31 and U34. Appendix C, Sec. 1, outlines 
the valid control settings as currently programmed, and Appendix C, 

Sec. 2, is a printout of the actual numbers (in base 16) stored in the 
PROM chips. Address counters U16, U23, and U24 count through the 2048 
address location in the PROM's until one of the address locations is 
reached which contains data that match the control switch setting. At 
this time, the "equals" output of the 16-bit magnitude comparator (U30, 

U36, U37, U43) at pin 6, U43, goes true. This stops the address counters 
and turns off the CONTROL INVALID light in the cockpit. 

The overrange counter circuit (U6, U7, U8, U14, U15) 
counts the number of video samples during a 10 msec period for which either 
the horizontal or the vertical video input circuitry was in saturation. 
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It was found during the FLAMR program that an optimum 
video level resulted in about 10% of the video samples being In satura- 
tion. The overrange counter circuit counts up to a maximum 60% satura- 
tion (at an IPP of 740 ysec); the MSB goes high at 30% saturation and 
causes the overrange alert (ORALT) light to turn on In the cockpit. The 
lower the data precision Is* the more video samples are produced In a 
10 msec interval, and multiplexer U14 and counter U6 compensate to allow 
the overrange count to accumulate to a greater number for the lower data 
precisions. 


Finally, as the video data are read from the memory, 
U13 outputs a true level at pin 5 whenever the eight bits of the data 
words do not have even parity. This signal (MEMPAR) is sent to the RPE 
formatting board which, when the system is in the 7-bit mode, counts the 
number of memory words which do not have even parity when read, as indi- 
cated by MEMPAR. 

(7) Auxiliary Data Conversion Board (Dwg. No. 10) 

The main purpose of the auxiliary data conversion 
board is to digitize dc voltages corresponding to radar and environmental 
parameters. It also interfaces the STC trigger and the radar mode signals 
from the AGC/STC processor with the DDRS. 

Temperature transducer outputs from the DDRS and the 
TEMP 4 transducer output on board the auxiliary data board are amplified 
by quad operational amplifier U1 . Since the auxiliary A/D converter (U9) 
operates on an analog voltage range of 0 to +10 V, the negative polarity 
of the temperature transducer outputs and the negative supply voltages 
are inverted by U1 and U3. 

Sixteen analog voltages (one of which is not currently 
connected) are multiplexed through the analog multiplexers U4 and U5. 

Each of the 16 voltages are sequentially selected by the control PROM on 
the RPE formatting board through the auxiliary address lines (AUXADDq- 
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AUXADDj). The output of the multiplexers Is buffered by part of U3 and 
connected to the analog Input of the A/D. 

The Interface board of the DDRS synthesizes the start 
convert (AUXST) and the conversion clock (AUXCLK) signals to the auxiliary 
A/D, as required by the A/D data sheet (Micro Networks MN5216). The 
start conversion signal Is delayed 33 usee by shift registers Ull and U12 
to allow the multiplexer output buffer to slew between successive data 
voltages. Control timing for the auxiliary A/D is shown in the RPE timing 
diagram, Fig. 13. 


Overtemperature comparator U13 senses the outputs of 
the DDRS temperature transducers (TEMP 1 and TEMP 2). The comparator 
output will go to a TTL low level when either of the transducers indicate 
60°C or greater. This output (OVERTEMP) should be used to disconnect 
power to the DDRS. The relay to remove DDRS power should be latching; 
i.e., once triggered to remove power, it should have to be manually reset. 
This is necessary because as soon as the DDRS is turned off, the OVERTEMP 
signal will immediately go high again. If, at this time, the relay is 
not latched off, power will be reconnected to the DDRS and OVERTEMP will 
again go low, disconnecting power again, ad infinitum. 


fHVICEDlNG PAGE BLANK NUT FILMED 
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IV. OPERATION AND MAINTENANCE 


A. Preflight Checkout Procedure 


1 . Test Equipment Required 
oscilloscope, event counter 

2. Video System Checkout 

a. Connections required to test connector J103: 

(1) VIDEO NRZ track 7 to the oscilloscope vertical input 

(2) TRIGVID to the oscilloscope 

(3) PARCHK to the event counter 

(4) REF to the video inputs J108 and J109 

b. Connect all other DDRS I/O connectors to their respective 
pallet cables. 


c. Double check connections and apply power. 

d. From the control panel, switch the DDRS into the 4-bit data 
precision mode and adjust the event counter sensitivity to show a rapid 
count on the event counter. 


e. From the control panel, switch the DDRS into the 7-bit mode. 
The count rate should decrease to zero. If the count rate is still high, 
decrease the counter sensitivity just until the counting stops and switch 
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back to the 4-bit mode. The count rate should always be very high In the 
4-blt mode. Now switch back to the 7-blt mode for further tests and reset 
the event counter to zero. 

f. Set the horizontal sweep rate on the oscilloscope to 1 ysec/ 
div, and adjust the trigger sensitivity to display a stable digital wave- 
form on the CRT. This waveform is the first part of the video data 
record. The bit duration is 0.51 ysec, or about 2 bits per horizontal 
division. The first bit begins where the waveform first falls from a high 
level to a low level. The first twelve bits in the record compose the 
sync word and should always be 000111011011: 


0 0 0 

1110 

1 1 

-oj 


1 1 


/ 

First Bit 


Sync Word 


data words 


The rest of the record is composed of 128, 8-bit, serial 2's complement 
data words, MSB (sign) first and parity bit last. The same word should 
be repeated all 128 times. The value of this word depends on the refer- 
ence voltage level connected to the video inputs from the test connector, 
and is adjustable internally on board 6 of the DDRS. Note that the 
seventh bit of this word may toggle (on noise along with the eighth parity 
bit). Check all eight tracks of video NRZ data for the same characteristic 
waveform. This test may be more easily done in the 4-bit mode, if the 
toggling of the LSB and parity bits becomes too distracting. 

g. Disconnect video inputs J108 and J109 and repeat step 6. 

The value of the data word should be within 1 or 1 LSB's of all zeroes. 

h. Check the event counter for zero parity errors for as long 
as the system was in the 7-bit mode. 

i. Check the eight Miller-encoded video data lines to the 
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wideband tape recorder with an oscilloscope for a phase encoded square 
wave on each. 

3. RPE System Checkout 

a. Connections required to test connector J103: 

(1) RPE NRZ to the oscilloscope vertical Input 

(2) TRI6RPE to the oscilloscope trigger Input 

(3) RPE TEST to ground 

(4) AUX/UPPS to ground 

b. Input a constant 24-bit word (DOD-23) from the UPPS MUX 
output to the DDRS with a periodic strobe pulse from the UPPS STRB output. 
(Repetition rate of the STRB pulse not to exceed 25 kHz.) 

c. Set the horizontal sweep rate of the oscilloscope to 1.0 ysec/ 
dlv and adjust the trigger sensitivity to obtain a stable waveform on the 
CRT. Observe the waveform. The first eleven bits are the sync words, 
00011101101, and the next eight bits are the "test" address bits, 

01111010: 


0 0 0 

1 1 1 

0 

1 1 

0 

1 

0 

1111 

0 

1 



data word 


sync word address 

The following 24-bit data word (MSB first) should be identical to the 
24- bit word input from the UPPS. After the 24th bit of the data word will 
be the record parity bit followed by filler ones. 

d. Now disconnect the AUX/UPPS input on J103 from ground. Ob- 
serve the scope waveform. The sync word should now be f 11 owed by a dif- 
ferent 6- bit address, 10001010: 
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I 0 0 0 1 1 1 1 I 0 1 1 1 1 0 fm 0 0 0 m 0 fTl O — ♦ data word 

v v 'v v~— ' 

sync word address 


The 24-bit data word should be nominally 
000000000000 1 OOOOOOOj 




Tl [ OOOOOOOOOOOOr n OOOOOOOOOOO p "l-»f111er ones 


V 


24-bi t data word 


Parity 


The data word may vary several bits from its nominal value. 


e. Check the Miller-encoded RPE data line to the wideband 
tape recorder for a phase encoded square wave. 

4. Disconnect J103 and reconnect the video lines from the optical 
recorder. The DDRS is now ready for flight. 


B. System Operation 

After a successful preflight checkout, the system is ready for in- 
flight operation. With the unit cabled up and installed in the pallet, 
the operator has only to set the required sample interval, data precision, 
and delta RMIN from the control panel. Once the pallet is powered up, and 
the DDRS receives UPPS data and clock and STC signals, all the control 
panel lights except "POWER ON" should go out. After this time, merely 
connect voice and time code to the wideband recorder and start the recorder 
when desire-1. 

C. Adjustments 

There are few internal adjustiu'vts in the DDRS. Those most often 
requiring attention are the trimmer potentiometers on the A/D board. Other 
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adjustments rarely requiring attention are timing adjustments by jumper 
wires on the clock generator board, the video A/0 board, and the video 
memory board. 

The gain and bias potentiometer adjustments on the video A/0 board 
are explained In Sec. III.D. The gain adjustment should be set so that 
the overrange alert (ORALT) light rarely, If ever, lights up. Otherwise, 
adjust the gain for optimum Image quality, which past experience has 
shown to be about 10% overrange. The bias adjustment should be used to 
compensate for an unwanted dc offset in th? video signals. There is also 
an output reference potentiometer which may be adjusted to set a desirable 
test voltage for preflight checkout of the video A/D subsystem (See. IV. A). 
The best reference voltage is that which, after being digitized, produces 
an easily recognized digital waveform on the video data recorder tracks. 

The other Internal adjustments are timing adjustments and involve 
changing jumper wires. These jumpers select one of several taps on tapped 
lumped-constant delay lines. There are four of these jumpers: one on the 
clock generator board 9 (Dwg. No. 4) to delay the reset memory address 
for write (ADW); one on the video A/D board 6 (Dwg. No. 5) to delay the 
sample pulse to the vertical channel A/D with respect to the sample pulse 
to the horizontal channel A/D; and finally, one on the video memory board 4 
(Dwg. No. u) to set the width of the write-enable pulse (Wf) to the memory 
chips The current positions of these jumpers are shown in the drawings. 
They should not have to be repositioned except when a TRW A/D chip is 
replaced, or perhaps as the TRW chips age and their propagation delay char- 
acteristics change. 

The object in setting the jumpers is to meet the memory chip (Fair- 
child 1 04 1 5 A ) requirements for write pulse width (14 nsec) and for stable 
A/D data at the memory chip inputs throughout the time the WF signal is 
low. To check timing, use a high speed oscilloscope (Tek 7834 or 485 
recommended) preferably with a fast FET input active probe (Tek P6201 or 
P6202). Observe the data input (pin 15) and the WF input (pm 13) on a 
10415A memory chip. With the system In the 7-bit mode and while digitizing 
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a video signal (a sine wave Is good), A/D transitions at the D^ n pin 
should be visible. Ensure that these transitions occur only when wf 
Is high. It Is Important to check every 10415A this way since propagation 
delays to each chip are slightly different. Check the timing at 40 nsec 
sampling Intervals and also at 60 nsec sampling Intervals. (Refer to 
Fig. 10.) 

If data transitions occur during a wf pulse, the timing of the W? 
pulse must be changed. It can be advanced by decreasing the delay of 
the MWRTCLK on the video A/D board (currently set to 30 nsec) and It may 
be retarded by Increasing the same delay. Line 12 of Fig. 10 Illustrates 
this delay. If the data timing from one A/D channel Is good, but the 
timing of the other A/D channel Is off, the vertical A/D may be 
delayed with respect to the horizontal A/D by using the other jumper on 
the A/D board. This requires the faster A/D to be In socket U25 with the 
slower In U26, and the TRW chips may need to be reversed. 

It Is not recommended that the WE pulse width be changed (by changing 
the jumper on the video memory board). This width Is currently set to 
14 nsec (as shown In line 13 of Fig. 10). 

The other timing adjustment involves the delay of the ABW signal on 
the clock generator board. This will not require adjustment unless the 
MWRTCLK delay is decreased. Refer to Fig. 10, line 9. The WH signal 
(available on the memory board at U31, pin 5) must rise after the first 
pulse of MWRTCLK (on memory board at U32, pin 15) in an IPP, but before 
the second one. The delay is currently set at 50 nsec. 

D. Maintenance 


Symptoms and Causes - Corrective Action 

1. RPE- INVALID lights up 

Probable cause - no UPPS strobe or address 
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2. ' i DEO- INVALID lights up 

Probable causes - no STC trigger 

- no 2.07065 MHz clock 

3. CLOCK- INVALID lights up 

Probable causes - no 2.07065 MHz clock 

- noisy clock signal 

4. CONTROL- INVALID lights up 

Probable cause - invalid control setting (will not disable DDRS) 

5. OVERRANGE-ALERT lights up 

P bable cause - video A/D gain not properly adjusted 

6. High parity error count (in 7-bit mode only) 

Probable causes - MWRTCLK timing needs adjustment (Sec. IV. C) 

- bad memory chip 

The above symptoms will probably be most common and are fairly simple 
to correct. If more serious problems develop, a complete understanding of 
the DDRS circuitry and timino will be required, and the drawings and tim- 
ing diagrams of this docur.: will have to be studied thoroughly. It is 

recommended that before a..., major surgery is performed, all connector pins 
and sockets be checked (both on front panel I/O connectors and on internal 
card cage connectors) and all power supply outputs be checked. The DDRS 
circuitry is made up of reliable components; however, those most likely 
to be the first to fail will be the more complex components: the TRW A/D 

chips, the memory chips, and the power supplies. 

It must be stressed that the key to reliability in the DDRS is in 
maintaining as low an operating temperature as possible. The cooling fan 
inside the unit will help in this regard, but even with the fan, the 
interior DDRS temperature runs 10°C hotter than outside ambient temperature 
at sea level . It is important that the power to the unit be disconnected 
when the OVERTEMP line on the auxiliary data board goes low, and it is 
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also recommended that close attention be given to the recorded values 
for TEMP 1, TEMP 2. and TEMP 4 on the first data tapes. 
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CRITICAL SPARES AND PARTS LIST 
WITH COMPONENT PLACEMENT DRAWINGS 
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CRITICAL SPARES LIST 
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2NSS83 Transistor 9 3.85 

2N4403 Transistor 9 0.46 




PARTS LIST WITH COMPONENT PLACEMENT DRAWINGS 





connector, MLTPAC Corp. 
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istor Network, M o. 13 Resistor. fie 14 -—rim. KCKMM 
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FIGURE A-5 

RPE FORMATTING BOARO NO. 8 
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AE-80-107 
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FIGURE A-6 

CLOCK GENERATOR BOARD NO. 9 


i 


I 


i 


jORIGINAL PAGE IS 
< >F POOR QUALITY 


no 


AE-80-108 











































































APPENDIX B 

DIGITAL DATA RECORDING SYSTEM 
ACCEPTANCE PROCEDURE 
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DIGITAL DATA RECORDING SYSTEM 
ACCEPTANCE PROCEDURE 


STANDARD CONFIGURATION 

1. Data precision - 7 bit 

2. Sample Interval - 70 nsec 

3. Range Delay - 2 usee 

4. Ramp Function - 1 V pp 
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TEST 1. DATA PRECISION SELECTION 




1. Set Standard Configuration 


a* 

Data Precision - 7 bit __ 

7 BtT 

b. 

Sample Interval - 70 nsec 

1 o xio'* 1 sec 

c. 

Range Delay 2 usee 

2 

d. 

Ramp Function (1 Vpp) - 

KHz. 

Set 

and Record Identifying word 

in RPE Data 

Identifier word set 


Identifier word observed 



3. Record and view data for 7-, 4-, and 2-bit precision 7 / 

4. On print out verify proper operation of the recorded signals. 

List and Plot Amplitudes for near, mid, and far range bin. 

Range Bin Range Bin Range Bin _______ 


hlo-71 








TEST 1. DATA PRECISION SELECTION (Cont'd) 



5. Verify Proper RPE Uorda 



Observed 



Date Precision 

<h 8,r 


Semple Interval 

7c.f Msec 


Range Delay 

t.93 A'Sec 


Heed ins 



Temp l 

Z9.03 *C 


2 

Zf. u 


3 

AJ C 


A 

/9-S* 


Negative Volt S. 

#Y 

7 - 5 *. 

Does 

7/i/f 

Negative Volt S 

5*0/ 


Negative Volt 2 

-Z.o7 

HO A 

Positive Volt 5 

4.n 


Negative Volt 15 

- If. of 
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hio-n 


TEST 1. DATA PRECISION SELECTION 

1. Sat Standard Configuration 

a. Data Precision - 2 bit 7. £ t~T 


b. Sample Interval - 70 nsec 

✓ 


c. Range Delay 2 uaec 



d. Ramp .Function (1 Vpp) - 

_ 2 , T.jf' * 


Set and Record Identifying word 

in RPE Data 


Identifier word set . 

OoZ 


Identifier word observed ____ 

O0 z_ 





3. Record and view data for 7-, 4-, and 2-bit precision 2 MlH. 

4. On print out verify proper operation of the recorded signals. 

List and Plot Amplitudes for near, mid, and far range bln. 
Range Bin ________ Range Bin __________ Range Bin - 
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TEST 1. DATA PRECISION SELECTION (Coat'd) 


5. Wrifv proper RPE words 



Data Precision 

& 6tr- 

Sample Interval 

70'* Mitt 

Range Delay 

/.PA j/%tt 

Heading 


Temp 1 

£9 12 

2 

zr.tt 

3 

AJt 

4 

/inf 

Negative Volt 5.7 

- S’. 75' 

to%tr/r£ 

DP ? S Magas toe Volt 5 _ 

•f 5'. 0/ 

Negative Volt 2 _ 

-2.07 

4VX Positive Volt 5 _ 

r ¥. ff 

Negative Volt 15 _ 

- tS.of 


f-*>0'79 
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Amplitude 


— 










PULSE NO. 1 



0- 

Range Bins 16*31 




7-blt date 

Horizontal 


0- 

Range Bins 32*63 




4-blt data 

Vertical 


1*- 

2-bft data 

Vertical 



«»*» * • » $r 

/ 


\ / 


« Ml • »»M|A 


ORIGINAL PAGK IS 
OP P« >OR QUALITY 


FIGURE B-l 

DIGITAL RESPONSE OF DDRS TO TRIANGULAR WAVEFORM INPUT 


AE-80-1 10 



Amplitude 


Test 000 

70 nsec Sample Interval 
7-blt Data Precision 
— ©— Horizontal Channel 
--□--Vertical Channel 
Pulse 1, Range Bins 16-31 


Z~jrS0~-7t 





FIGURE B-2 

DIGITAL RESPONSE OF DORS TO TRIANGULAR WAVEFORM INPUT 
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AE-80-111 


Amplitude 




Test 000 
70 nsec 
7-bit Data 




Pulse 21, Range Bins 16-31 

Arrows identify parity error indications 




t- 

| 
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FIGURE B-3 

DIGITAL RESPONSE OF DDRS TO TRIANGULAR WAVEFORM INPUT 
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/" 30 * 

TEST 2. SLANT RANGE SAMPLE INTERVAL 


1* Set Standard Configuration a. 7^ b. _______ c. d. ** S~ 7V 

2. Sat and Racord Idantlfylng Word in RPE Data 

Idantiflar word aat ^^3 

Idantlfiar word obaarvad £0*^ 

3. Varlfy propar aampla interval ualng scope 

Selected Sample Interval Observed Sample Interval 

M. SAC' M sac. 

¥Q j i tssk 


4. Record and view data for 40, SO, 60, 70, 80, 90, and 100 nanosecond 
sample interval 

List and Plot Amplitudes for near, mid, and far range bin. 


Range Bin Range Bin Range Bin 
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd) 


5. Verify proper RPE words 
Observed 

Decs Precision 7 £/r 
Sample Interval xSfC 

Range Delay /»7i n 

Heading 

Tamp 1 Z7-P3 

2 ZCjJ/j 

3 Ml 

4 ikll 


Negative Voltage 5.7 
PD/G> Ne ga t ive Voltage 5 


- 5 m j7£ 


Negative Voltage 2 


AO* Positive Voltage 5 t 7^ 


Negative Voltage 15 - /y,05~ 


J&P 
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/-iO-7? 


TEST 2. SLANT RANGE SAMPLE INTERVAL 

1. Set Standard Configuration a. 7 &T b. c. d. ~ 

2. Sat and Racord Identifying Word in RPE Data 

Identifier word sat OQ± 

Identifier word observed 

3. Verify proper sample interval using scope 

Selected Sample Interval Observed Sample Interval 



££. /rt Sf 


Td.S’x Stfc- 


4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond 
sample interval 

List and Plot Amplitudes for near, ®id, and far range bin. 

Range Bin Range Bin ___________ Range Bin ____ 
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TEST 2. SLANT RANGE 
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INTERVAL (Cont’d) 






/SO -7? 

TEST 2. SLANT RANGE SAMPLE INTERVAL 

1. Set Standard Configuration a. 7 5/r b. _______ c. ? S£C d. ‘ 7 7/ 

2. Set and Record Identifying Word in RPE Data 

Identifier word set JT* 

Identifier word observed 

3. Verify proper sample Interval using scope 

Selected Sample Interval Observed Sample Interval 

L 'fO_ & %Bt. 63 Sgc. 




TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd) 




5. Verify proper RPE words 
Observed 


Deta Precision 


Sample Interval 
Range Delay 


7 &rr 

',0-37 M S*c 


A 93 u *£c 




Heading 
Temp 1 


£Z££2C. 
Z7 5C 


4 /±&l 

Negative Voltage 5.7 

DO ?. 5 I l LguUVT Voltage 5 *5",*/ 

Negative Voltage 2 ~ Z .07 

/> Positive Voltage 5 * £ l£_ 

Negative Voltage 15 ~ /S*. OL 
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I 


SiMS:! 


TEST 2. SLANT RANGE SAMPLE INTERVAL 


t-b0-7f 


1. Set Standard Configuration a. 7 8f \ T b. ______ c, 2i/Sft d. ~ $ 00 KM* 

2. Sat and Record Identifying Word in RPE Data 

Identifier word set & 

Identifier word observed Q0& 


3. Verify proper sample interval using scope 

Selected Sample Interval Observed Sample Interval 



4. Record and view data for 40, SO, 60, 70, 80, 90, and 100 nanosecond 
sample interval 

List and Plot Amplitudes for near, mid, and far range bin. 


Range Bin Range Bin Range Bin 





TEST 2. SLANT RANGE SAMPLE INTERVAL (ContM) 


S. Verify proper RPE words 
Observed 

Data Precision 


7Sjr 


Sample Interval 

Range Delay 

Heading 


7fl. ¥ 


Temp 1 
2 

3 

4 


27 . 97 *C 


17 <7 


AJ<L 


( 9.79 


Negative Voltage 5.7 
foyrr&c 

OD£$> NegirtOe Voltage 5 
Negative Voltage 2 
WX Positive Voltage 5 
Negative Voltage 15 


- 6~. 7jT_ 

- ^.g>7 
-tt.oS, 
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TEST 2. SLANT RANGE SAMPLE INTERVAL 


/ * 


1. Set Standard Configuration a. 7 tf;r b. 

2 . Sat and Record Identifying Uord in RPE Data 

Identifier word aet 

Identifier word observed Q07_ 


c. ZjL2£Z d * 


rtf 


3. Verify proper sample Interval using scope 


Selected Sample Interval 

SO At SSC 


Observed Sample Interval 

Ai. 



4. Record and view data for 40, 50, 60, 70, 80, 90, and 100 nanosecond 
sample Interval 

List and Plot Amplitudes for near, mid, and far range bin. 


Range Bin 


Range Bin 


Range Bin 
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TEST 2. SLANT RANGE SAMPLE INTERVAL (Coat'd) 

5. Verify proper RPE vorde 
Observed 

Dete Precision J 

Semple u. erval M §££ 

Renge Deley A Stfc 

Heeding ________________________ 

Temp 1 isKllQ. 

2 £L££ 

3 A/C, 

4 /9-M 

Negative Voltage 5.7 *• £^£ 

Abxt rn>e _ . 

DO&^ N egaLluf Voltage 5 

Negative Voltage 2 ~ £,fl7 

IfVX Positive Voltage 5 * V* 

Negative Voltage 15 -/S*.g6 
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TEST 2. SLANT RANGE SAMPLE INTERVAL 


f-M ''79 


1. Set Standard Configuration a. 7 /?//* b. — _ c. ^ 1 / S ft d. ’ H S7 Ml 


2. Sat and Record Identifying Word In RPE Data 
Identifier word set QOS 


Identifier word observed 


008 






3. Verify proper sample interval using scope 

Selected Sample Interval Observed Sample Interval 

3g M Sfc 9 $ Mtft 


Record and view data for 40, SO, 60, 70, 80, 90, and 100 nanosecond 
sample interval 

List and Plot Amplitudes for near, mid, and far range bin. 


Range Bin 


Range Bin 


Range Bln 



TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd) hSO-79 


5. Verify proper RPE word* 

Observed 

Dec* Precision 7 

Semple Incervel m SfC. 

Renge Delay / 93 i/ S£c 

Heeding 

Temp 1 Z $_ « *y*C. 

2 

3 d/C 

A &Q. 

■ r. 7 £ 

+S.O* 

t±lL 

- /Z.oL 


Negative Voltage 5.7 

Ptimve 

DD£1 NegsUn Voltage 5 
Negative Voltage 2 
00% Positive Voltage 5 
Negative Voltage 15 
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TEST 2. SLANT RANGE SAMPLE INTERVAL l'50»?9 


1. S«t Standard Configuration a. 7 b. 


2. Sat and Raeord Identifying Word In RPE Data 
Xdantlfiar word aat 0 07 


Identifier word obaerved 


007 


c. 5fC d. ‘ KM* 




3. Verify proper eample interval uelng acope 

Selected Sample Inteival Obaerved Sample Interval 

. _ fk * ALA'S: 


4. Record and view data for 40, 30, 60, 70, 80, 90, and 100 nanoaecond 
•ample interval 

Llat and Plot Amplitude* for near, mid, and far range bln. 

Range Bin Range Bln Range Bin 


TEST 2. SLANT RANGE SAMPLE INTERVAL (Cont'd) 


hi*-” 


5. Verify proper RPE words 
Observed 

Data Precision 7_ 

Sample Interval m $£t 

Range Delay /. ?£ 

Heading 

Temp 1 iMlll 

2 2£.£L 

3 4/C 

4 

5.7 - S~ ?£ 

5 t *J°£ 

2 - ZjO? 

5 tML 

15 - ,oC* 


Negative Voltage 
Fksmve 

QD&2 W u gu uiaft. Voltage 
Negative Voltage 
#yx Positive Voltage 
Negative Voltage 


j£tf 
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TEST 3 


RANGE DELAY TEST 


/-30 - 7 ? 


1. Set Standard Configuration »• ? b • 7^ MSfC. c. 

2. Sat and Racord Identifying word in RPE data 

Identifier word aet 


d. 9*)'*#* 


Identifier word observed 


O/O 


S' 




3. Verify proper range delay using scope. 

Selected Range Delay Observed Range Delay 


2 ^ %l± 




4 . 


Record and view data for 2, 30, 60, and 90 usee ran^e delay 
List and Plot Amplitudes for near, mid, and far Range bins. 


Range Bin 


Range Bin 


Range Bin 



TEST 3. RANGE DELAY TEST 


/-30~7f 


5. Verify proper RPE words. 
Observed 


Data Precision 

7 S/r 

Sample Interval 

79. ¥ c 

Range Delay 


Heading 


Temp 1 

zo .Si *C 

2 

Z9XL 

3 

A/C 

4 

20 . zS 

Negative Volt 5.7 

-S.l* 

DDd tTspel tut. Volt 5 


Negative Volt 2 

-2.07 

fiOX Positive Volt 5 


Negative 15 

^fS’.oL 


x^ 
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t-hO-79 

TEST 3. RANGE DELAY TEST 

1. Sec Standard Configuration *• 7 SrT^ b . 70_m$*c _ c . d. - ?6CKH-& 

2. Set and Record Identifying word in RPE data 

Identifier word set & 7/ 

Identifier word observed _ o/f 

3. Verify proper range delay using scope. 

Selected Range Delay Observed Range Delay 

30 U Sgc io^u ZGC 



4. Record and view data for 2, 30, 60, and 90 usee range delay 
List and Plot Amplitudes for near, mid, and far Range bins. 

Range Bin Range Bin Range Bin 
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TEST 3. RANGE DELAY TEST 


1-50 


5. Verify proper RPE words. 
Observed 

Data Precision / &/ 7 ~ 


Sample Interval 

70. */ s* sffL 

Range Delay 

ZS.77 jj&*c 

Heading 

S 

Temp 1 

ZS.70 *C 

2 

Zf.tfS 

3 

A/C 

4 

20. OS 


Volt 5.7 ~ 7? 

Volt 5 t 

Volt 2 ~ ZJ>J_ 

Volt 5 + 

15 - /S'. OCr 


Negative 
Qpfcl Nwg i lime 

Negative 
ftOK Positive 
Negative 





4. Record and view data for 2, 30, 60, and 90 usee range delay 
List and Plot Amplitudes for near, mid, and far Range bins. 

Range Bin Range Bin Range Bin 



TEST 3. RANGE DELAY TEST 

5. Verify proper RPE words. 

Observed 

Data Precision 7 8fr 

Sample Interval m S*c 

Range Delay .jj&F c. 

Heading 

Temp 1 *C» 

2 ^ 3 / 

3 MC 

4 &. 

Negative Volt 5.7 ~ S.7^ 

fisirrtfe 

OD£S Nsgmtmp Volt 5 rS'.fif 

Negative Volt 2 * £ . 4*7 

Positive Volt 5 -f ¥'9f 

Negative 15 - iS,0(» 


j&P 
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TEST 3. RANGE DELAY TEST 




1. Set Standard Configuration »• b . 70 m S*C c. 

2. Set and Record Identifying word in RPE data 

Identifier word set — ■ 0/3 


d. 


Identifier word observed 


0/3 




3. Verify proper range delay using scope. 

Selected Range Delay Observed Range Delay 

90 +JU SfZ 


4. Record and view data for 2, 30, 60, and 90 usee range delay 
List and Plot Amplitudes for near, mid, and far Range bins. 

Range Bin Range Bin Range Bin 
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TEST 3. RANGE DELAY TEST 


5. Verify proper RPE words. 
Observed 
Data Precision 


Sample Interval 

Range Delay 

Heading 

Temp 1 

2 

3 

A 


7e/r 


7*. £ & 






£?.£/ 


A/C 


ZOjSV 


DOte 


Negative 

WggaU-yL 

Negative 

Positive 

Negative 


Volt 5.7 ZHZL 
Volt 5 tljUL 
Volt 2 -<?>07 

Volt 5 •*_ /■ 9£_ 

is - / r , ol 


J&p 
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TEST 4. BAND WIDTH 


f-30-79 


1- Standard Configuration J_B»_ b. c . _ Z ^ d . ^ 

2- Using it input ob.arv.0 and racord DDRS output amplitude on .cop. £f w P-t> 

" 8ln on 7 ,co™ Z *<| obaerve .„d racord DDRS output amplitud. 

*' ”‘ ln8 U "■ ' ln ' “*” lnPUt ° b> — - UDRS output on .cop. S.t, 

1 ^ * “ d “ "• V * 1 ““ b. within 3 d. of 7.5 *. vaiua. 


n MH*. - 3,7 V P-P 

iZ.-S^Hl - V.o v p.p 

to tlHi - *./ v P-P 

£ PHi - V.i v P-P 

Z.s HM - V P-P 

/ MHl - i-b V p ' p 

So Ktti - ¥■¥ V p - p 
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FIGURE B-5 

DORS ACCEPTANCE PROCEDURE BLOCK DIAGRAM 







FIGURE B-6 

DIGITAL RESPONSE OF DDRS TO TRIANGULAR WAVE FORM INPUT 
(FINAL TEST OF OCRS) 




APPENDIX C 

CONTROL VALIDATION PROMS 


PRECEDING PAGE BLANK NOT RUED 
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TABLE C-l 

VALID CONTROL SETTIN6S 


MODE 

1 

DELAYS 

02 

- 

48 

8t 

040 

DP 

7 

MODE 

2 

DELAYS 02 

- 

7f 

81 

040 

DP 

7 

NODE 

1 

DELAYS 02 

• 

21 

SI 

040 

DP 

4 

NODE 

2 

DELAYS 

02 

. - 

SB 

81 

040 

DP 

4 

NODE 

1 

DELAY8 

02 

- 

02 

91 

040 

DP 

2 

NODE 

2 

DELAYS 

02 

- 

17 

81 

040 

DP 

2 

NODE 

1 

DELAYS 

02 

- 

02 

81 

040 

DP 

1 

NODE 

2 

DELAYS 

02 

* 

02 

81 

040 

DP 

1 

NODE 

1 

DELAYS 

02 

- 

44 

SI 

*>so 

DP 

7 

NODE 

2 

DELAYS 

02 

- 

74 

81 

OSO 

DP 

7 

NODE 

1 

DELAYS 

02 

- 

18 

SI 

050 

DP 

4 

NODE 

2 

DELAYS 

02 

- 

4S 

SI 

OSO 

DP 

4 

NODE 

1 

DELAYS 

02 

- 

02 

SI 

OSO 

DP 

• 2 

NODE 

2 

DELAYS 

02 

- 

02 

SI 

OSO 

DP 

2 

NODE 

1 

DELAYS 

02 

- 

38 

SI 

060 

DP 

7 

NODE 

2 

DELAYS 

02 

- 

68 

SI 

060 

DP 

7 

NODE 

1 

DELAYS 

02 

- 

07 

SI 

060 

DP 

4 

NODE 

2 

DELAYS 

02 

- 

33 

SI 

060 

DP 

4 

NODE 

1 

DELAYS 

02 

- 

02 

SI 

060 

DP 

n 

*• 

NODE 

2 

DELAY8 

02 

- 

02 

sx 

060 

DP 


NODE 

1 

DELAY3 

02 

- 

33 

SI 

070 

DP 

7 

NODE 

2 

DELAY8 

02 

- 

63 

SI 

070 

DP 

7 

NODE 

1 

DELAYS 

02 

- 

02 

SI 

070 

DP 

4 

NODE 

2 

DELAYS 

02 

- 

27 

SI 

070 

DF 

4 

NODE 

1 

DELAYS 

02 

- 

02 

SI 

070 

CP 

2 

NODE 

2 

DELAYS 

02 

- 

02 

SI 

070 

DP 

2 

NODE 

1 

DELAYS 

02 

- 

29 

SI 

080 

DP 

7 

NODE 

2 

DELAYS 

02 

- 

38 

31 

OSO 

DP 

7 

NODE 

1 

DELAYS 

02 


02 

SI 

080 

DP 

4 

NODE 

2 

DELAYS 

02 

- 

17 

SI 

080 

DP. 

4 

NODE 

1 

DELAYS 

02 

- 

0? 

SI 

080 

DP 

2 

NODE 

2 

DELAYS 

02 

- 

02 

SI 

060 

DP 

2 

MODE 

1 

DELAYS 

02 

- 

23 

SI 

090 

L»P 

-7 

NODE 

2 

DELAYS 

02 

- 

53 

SI 

090 

DP 

7 

NODE 

1 

DELAYS 

02 

- 

02 

SI 

090 

P* 

4 

NODE 

2 

DELAYS 

02 

- 

07 

SI 

090 

DP 

4 

NODE 

1 

DELAYS 

02 

- 

02 

SI 

090 

DP 

2 

NODE 

2 

DELAYS 

02 

- 

02 

SI 

OVO 

DP 

2 

NODE 

1 

DELAYS 

02 

- 

18 
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FI OK VOLTAGE COMPENSATED ECL SERIES 


> 


r 


GENERAL DESCRIPTION — Fairchild F10K Sanaa Em.ttar 
Couplad Logic (ECL) circuits ara high spaed, low powar logic 
alamants intended for use in high spaed systems such as 
central processors, memory controllers, peripheral equipment, 
instrumentation and digital communication systems 

F10.000 ECL is designed to be fully compatible with con- 
ventional 10.000 ECl and has the same pan numbers, 
functions, pinouts, temperature behavior, test methods, propa- 
gation delay limits and signal voltages. 

FI OK circuits employ Emitter Coupled Logic to achieve typi- 
cal power levels of 25 mW/gate. The nominal power supply 
is specified as Vgg equal to -5 2 V All devices, however, may 
be operated over Vgg ranges of -4 7 to -6 2 V with negligible 
loss of noise immunity Some SSI gates may be operated over 
a Vgg range of -3 5 to -6 2 V. agam with a negligible loss of 
noise immunity, due to the built-in voltage regulator 

In accordance with standard 1C practice. FI OK devices are 
specified over 0°C to »75°C temperature range However, 
limits ensure that the FlOK senes is fully compatible with 
other 1 0.000 devices spec 1 over a -30°C to +85°C ambient 
temperature range 

High input impedance (typically 50 kn) and open outputs 
allow effective usage of senes or parallel terminated line tech- 
niques and large numbers of OR ties 

• Very high speed . . . typically 2 ns per gate. 

• low power dissipation . . . typically 26 mW per gate. 

• Voltage compensated . . . noise margin insensitive to 
power supply variations and transients, relaxed power 
supply requirements. 


• Internal 60 k n (nominal) input pull down resistors . . . 
unused inputs may be left open. 

• Open emitter-follower outputs drive terminated lines. 

• Separate V^ c leads a!iminate noise coupling. 

• Single Vgg power supply . . . -4.7 to -S.2 V. 

• Wired-OR capability. 

• Complementary, simultaneous outputs. 

• Fully compatible with other 10.000 series ECL. 

RECOMMENDED OPERATING AND TEST CONDITIONS 

— The Fairchild F 1 0K series is designed to operate in a system 
who*e ambient temperature is controlled by moving air or 
equvalent means The ambient temperature may be any 
value between 0°C and *75°C. but the tamperaturs gradiant 
between the devices must be at a minimum to consarve noise 
immunity The Fairchild FI OK devicas ara designed to meet 
the specified dc characteristics when e thermal equilibrium 
has been established T n# circuit is ma test socket or mounted 
on a printed circuit board and transverse air flow graater 
than 500 linear fpm is maintained Outputs ara terminated 
through a 50 n resistor to -2 0 V 

The Fairchild FI OK series operates with a system power sup- 
ply Vgg between -4 7 and -6 2 V Detailed test specifica- 
tions are for nominal Vgg * -5 2 V 

ABSOLUTE MAXIMUM RATINGS 

(Non operating, above which useful life may be impaired) 
Storage Temperature -65°C to ♦! 50°C 

Junction Temperature ♦ ! 50°C 

Supply Voltage Vgg (Continuous) -8 V 

Input Voltage Gnd to Vgg 

Output Current -60 mA 


l 

i 

f 


167 


FAIRCHILD ECl. DATA 8HEET • FI OK SERIES 


FUNCTIONAL DESCRIPTION 

FIOK offers many high ipMd system design advantages. 
High speed is achieve d by using smalL low capacitance 
device geometries and operating the transistors between 
tha active and off modes, thereby avoiding saturation. Tha 
basic ECL gala ia shown in fig*** t. 

If tha input voitagas ara mora negative than Vgj, 01 and 

02 ara cut off and 03 conducts, holoing tha coitactor of 

03 LOW. If aithar input is mora positiva than V§p. 01 
or 02 win conduct and 03 will ba cvt off. raising its 
collector voltage. Since one or more transistors ara always 
conducting, there is a constant currant drain, independent 
of frequency which eliminates sharp switching transients 
and frequency dependant power dissipation affects. Tha 
outputs of tha circuit ara emitter -followers. 04 and OS. 
They provide low impedance drive to terminated lines and 
voltage shifting to levels compatible with tha inputs. Tha 
basic gsta simultaneously performs tha positiva logic OR 
and NOR functions, providing both true and complement 
outputs within a single gate delay period. Tha outputs of 
several gates may ba tied to provide a wired-OR function. 
An external load resistor must ba provided in all cases. ' 


TYPICAL CCL TRANSFER 
CHARACTERISTICS 
WITH SPECIFICATION POINTS 

V IN - INPUT VOLTAGE - VOLT* 
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FAIRCHILD ECL DATA SHEET • FI OK SERIES 


LOGIC DIAGRAMS v cc , • 1. v CC2 ■ l*. V EE • • 


F10101 

FI 01 02 

F10103 

■£ 

*.=D— 
•=D— * 

1=0"* 

?0-* 

'rC£^» 


:rt>- u 


:iO=*. 

:iO=:‘ 

F1010B 

FI 01 04 

F10107 

• -pv-l 

*— i 

io- 

:=)Dn; 

50=: 

;$=0— 

:=)Dc* 

’.izCx::: 

i»3 V-ii 

14 

::=0=:: 



Logic Equation 



2*4 • S 
3*4.5 ♦T.T 

FI 01 09 

F10110 

F10111 




F10117 


NOTE * 1 


V CCJ * '» 



logic Equation 

2 • (4 » 5) (6 ♦ 7 ♦ 9) 

3 > 14^57(6 • 7 ♦ 9 ) 

F10119 



logic Equation 

2«(3*4 » t »6)<7 * 9 * 101(10 • 11 ’ 121(13 » M» 1S« 


V CCI * 16 

Fiona 



Logic Equation 
2 ■ (3 ♦ 4 ♦ 5)(6 ♦ 7 ♦ 9) 

F10121 



Logic Equation 

2>(4»5»6H7»9» 10)00* II ♦ 12| (13 ♦ 14 ♦ 15) 
3 • (4 ♦ 5 ♦ 6)|7 ♦ 9 ♦ 10)00 ♦ 11 ♦ 12) (13 ♦ 14 ♦ 15) 


t 
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DC CHARACTERISTICS: Vgg * -5 2 V. V cc « GND FI 01 01 • FI 01 02 

FI 01 07 • FI 01 09 


F10103 • F10105 • F10106 
F10110 • F10111 


SYMBOL CHARACTERISTIC 


Vq h Output Voltage HIGH 


Vql Output Voltage LOW 


V QHC Output Voltage H'GH 


Vqlc Output Voltage LOW 


Input Voltage HIGH 


Input Voltage LOW 


Input Current HIGH 
F10101 Lead 12 
F10107 Leads 5.7.15 
F10110 All Inputs 
F10111 All Inputs 


Input Current LOW 


Power Supply FI 

Current FI 





UMITS 




SWITCHING CHARACTERISTICS: V EE - -5 ; 


CHARACTERISTIC 


Propagation Delay. LOW to HIGH 1 0 


Propagation Delay, HIGH to LOW 10 


Output Transition Lme 
LOW to HIGH (20% to 80%) 


Output Transition Time 
HIGH to LOW (80% to 20%) 



ID 

CONDITIONS 

0°C 

26°C 

75*C 

V IN * v IHA or V ILB 


0°C 

25°C 

75°C 

par Logic Function 

Loading it 

0°C 

25°C 

75°C 

V IN * V IH8 or V ILA 

son to -20 v 

0°C 

25°C 

75°C 

per Logic Function 





Guaranteed Input Voltage HIGH for 
All Inputs 


Guaranteed Input Voltage LOW for 
All Inputs 




pA 25°C V |N = V 1U} 


mA 25°C Inputs and Outputs Open 


25°C FI 01 01 • FI 0102 • FI 01 03 • FI 01 05 • F10106* F10109 


CONDITIONS 
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rAiticniLU tCL UAIA 5>Mct f • FI OK SERIES 


SWITCHINO CHARACTERISTICS: V £E ■ -5 2 V. T A ■ 2S*C F10107 


SYMBOL 

CHARACTERISTIC 

UMITS 

1 IlilTC 

muniTmut 

B 

TYP 

A 

UFH 1 9 

wUNDiiiUna 



*«.H 

Propagation Oalay. LOW to HIGH 

1.1 

24 

mm 

na 


'phi 

Propagation Dalay. HIGH to LOW 

1.1 

2.4 

■a 

D 


'tlh 

Output Transition Tima 
LOW to HIGH (20% to 60%) 

16 

n 

H 

na 

Saa Figura 1 

*thl 

Output Transition Tima 
HIGH to LOW (80% to 20%) 

16 

a 

B 

na 



SWITCHING CHARACTERISTICS: V EE • -6 2 V. T A * 2S°C F10110 • F10111 


SYMBOL 

CHARACTERISTIC 

LIMITS 

UNITS 

CONDITIONS 

e 

TYP 

A 

'AH 

Propagation Dalay. LOW to HIGH 

1.4 

24 

35 

ns 


'PHI 

Propagation Daisy. HIGH to LOW 

1.4 

2.4 

35 

ns 


'TLH 

Output Tranution Tima 
LOW to HIGH (20% to 80%) 

16 

22 

35 

B 

Saa Figura 1 

'THL 

Output Transition Tima 
HIGH to 10W (80% to 20%) 

B 

22 

B 

B 



SWITCHING CIRCUIT AND WAVEFORMS 



%nd Lj ■ aqual l*ogih 500 impadanct linas 
Ry ■ son ttrmmjooo of ICOp« 

C L 1 J»g and liny capaotanca < 5 0 pf 
Decoupling 0 1 pf from gnd to V^£ and v cc 
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F10010 • F10016 

BCD DECADE COUNTER/4-BIT BINARY COUNTER 


GENERAL DESCRIPTION - The FIOOIO ia s high speed synchronous. presettable, 
cascadable BCD Dacada Countar and tha F10016 it a high tpaad synchronous, pra* 
sattabla. cascadabla 4-Bit Binary Countar. Thay ara multifunction MSI building blocks 
useful for a large number of counting, digital integration, and conversion applications. 
Up to nine devices can be cascaded with no speed degradation using standard 10K 
gates. A multidecade synchronous countar up to 1 60 MHi can be built. Typical count 
frequency is 200 MHi. 

Features include assertion inputs and outputs on each of tha four mastar/slave counting 
flip-flops. Terminal count is generated internally in a manner that allows synchronous 
loading at nearly the speed of the basic countar. 

Both devices are packaged in hermetic ceramic 16- lead Dual In-Line packages and are 
specified for operation over the temperature range 0°C to 75°C. 

a HIGH SPEED COUNT ... 200 MH« TYPICAL COUNT FREQUENCY 
# INTERNAL COUNT ENABLE - FOR HIGHEST SPEED EXPANSION 
a ASYNCHRONOUS MASTER RESET 
a son DRIVE CAPABILITY 
a WIRED OR CAPABILITY 

a SEPARATE V cc LEADS - ELIMINATE NOISE COUPLING 
a INTERNAL 50 k tl INPUT PULL DOWNS 
a SINGLE -5.2 V POWER SUPPLY 

LEAD NAMES 

Parallel Load Enable (Active LOW) 

Parallel Inputs 

Clock Input (Clocks on Positive Transition) 

Count Enable (LOW to Count) 

Master R-*set (HIGH Forces all Q Outputs LOW) 

Terminal Count (10010. LOW at HLLH. 1 001 6 LOW at HHHH) 

Counter Outputs 


FF 

CP 

ei 

MR 

TC 

On 




Not# that th«s diagram it provided for u near standing of logic operation only It ahoukJ not ba used for evaluation of propagation 
daiavt as many gate functions ara achiavad mtarnaiiv without incurring a full gata delay 





FAIRCHILD ECL DATA SHEET • FI 0010* FI 001 6 


LOGIC DIAGRAM FI 001 • 



O* KAO NUMBERS 


Not# that irus diagram t« provided for understating of logic operation only. It should not bo i 
delays at many gata functions aro achieved mtemeiy without incurring a full gata delay 


I for ovoluation of propagation 


FUNCTIONAL DESCRIPTION — The FI 0010 is a high speed BCD Decade Counter and the FI 001 6 is a high speed 
Binary Counter. The four master/sisve flip-flops are fully synchronous and are driven in parallel through a clock driver. 
The masters are loaded during the LOW period of the clock pulse. During the LOW to HIGH transition of the clock, the 
master is disabled from the input and data is transferred to the slaves and then to the outputs. When the clock is HIGH, 
the masters are inhibited from changing and the master/slave data path remains open. During the HIGH to LOW transi- 
tion of the clock, the master/slave data path is inhibited, followed by the enabling of the masters for the acceptance of in- 
puts from the counting logic, parallel entry, or count hold logic. — 

The Terminal Count (TC) is generated at count 9 (HLLH) on the 10010 and at count 10 (HHHH) on the 10016. 

The TC output is available simultaneously with the Q outputs through the use of unique lookahead logic and a fifth slave 
which is loaded during the LOW portion of the clock cycle. This feature, in conjunction with the triggered Count Enable 
(CE) and the Parallel Enable (PE) select the mode of operation es shown in the table below. The status of these control 
lines is sampled only during the LOW to HIGH transition of the clock. 

The Master Reset (MR) function is asynchronous. When HIGH, it overrides all other commands and forces all Q outputs 
LOW and the TC HIGH. 


TRUTH TABLE 


Function 

Load Parana) <P n to Q n ) 
Load Parallel (P n to Q n ) 


Masters Respond. Slaves Hold 
Reset (0^ * LOW, TC * HIGH) 


H ■ HIGH Voltage Level 
X ■ Don 1 Care 

I • Clock Pule# (LOW to HIGH) 
1 • Clock Pulse (HIGH to LOW) 


STATE DIAGRAMS 


F10010 


-o-o- 



MOOK 



NOTE The 10010 can be preset to any state, but will not count I 
return to its normal sequence within two clock pulses 


I S (HLLH) If preset to state 10. 1 1. 1 2. 13. 14 or IS . «t will 
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FAIRCHILD ECL DATA SHEET • FI 001 0 • FI 001 6 


DC CHARACTtRI8TlCS: V EE • -6 2 V. V cc « QNO 


SYMBOL CHARACTERISTIC 


Vqh Output Voltage HIGH 


v OL Output Voltage LOW 


v OHC Output Voltage HIGH 


Output Voltage LOW 


Input Voltage HIGH 


Input Voltage LOW 


Input Currant HIGH 
MR (Lead 12) 


Input Currant LOW 


Power Supply Currant 



CONDITIONS 



•840 

-810 

-720 

mV 

o*c 

75 %: 

-1665 

-1650 

-1625 

mV 

o%: 

25*C 

76®C 


-115 -80 


SWITCHING CHARACTERISTICS: V £E = -5 2 V. T A = 25°C. V cc * GND 


LIMITS 


TYP 


140 200 


SYMBOL 


*count 


*PLH 


CHARACTERISTIC 


Count Frequency 





Propagation Delay 
Clock to Output (Q n or TC) 


Propagation Delay 
Clock to Output (Q n or TC) 


Propagation Delay 
Master Reset to Output 


Output Transition Time 
LOW to HIGH (20% to 80%) 


Output Transition Time 
HIGH to LOW (80% to 20%) 


Clock Pulse Width 


MR Pulse Width 


Set Up Tima Prior to£lock 
P n to CP 


Hold Time After Clock 


Set Up Tima Prior to Clock 
P€ or CE to CP 


Hold Time After Clock 


V IN * V IHA w V IIB 
par Truth Table 



mV 0*C 
25*C 
75®C 


mV 0°C 
25 %: 
75®C 


mV OK 
25°C 
75°C 


Loading la 
60n to -2.0 V 


mV 0°C 
25°C 
75°C 


pA 25°C 


V IN * V IHB <* V ILA 
par Truth Table 


Guaranteed Input Voltage HIGH for 
All Inputa 


Guaranteed Input Voltage LOW for 
All Inputa 




mA 25°C Outputs Open, Lead 1 2 Tied to V.i 


CONDITIONS 


Sea Figure 1 



Sea Figure 3 



See Figure 2 


Sea Figure 3 
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F10115 • F10116 

LINE RECEIVERS 


DESCRIPTION — The F10115 end F10116 ere differential amplifiers with low im- 
pedance emitter-follower outputs. An internal reference supply (V 09 ) is available for 
added versatility. Active current sources provide improved common mode rejection. 
The FI 01 15 is a quad line receiver with single ended outputs. The FI 01 16 is a triple 
line receiver with complementary outputs. The devices are voltage compensated and 
are fully compatible with other 10.000 series devices. The line receivers are used pri- 
marily to receive data from balanced twisted pair lines, however, with appropriate con- 
nections and feedback, they may operate as Schmitt triggers, high speed comparators, 
oscillators, or broadband amplifiers. 

TRUTH TABLES 
FI 01 16 Quad Line Receiver 



NONINVERTING 

INVERTING 

INPUT 

INPUT 

L 

H 

H 

L 

L 

V BB 

H 

V BB 

V BB 

H 

V BB 

L 



F10116 Triple Differential Line Receiver 


NON INVERTING 

INVERTING 

INPUT 

INPUT 

L 

H 

H 

L 

L 

V BB 

H 

V BB 

V BB 

H 

v BB 

L 



LOQIC DIAGRAM 

•- 

4 — 

^-1 

•- 

7 - 


n— 

10- 


11 - 

U- 

tft 

>3!. 

P101 18 

4- 


4— 

4* 1 

10— 

■ 7 

»- 

44 i 

11- 

■ n 

11- 

>4 


pi*.. 

none 


FUNCTIONS 


4 >- 


« Mvinrntc 


wvfftnMO 


— fSr— output 

'I* rVi TM it 


V CC t ■ • 
*CC1 ‘ '• 

v«t • • 
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rMinuniLu col umih oncci • r igi iu • riuiio 


OC CHARACTERISTICS: V EE - -5 2 V. V cc • QNO 


SYMBOL CHARACTERISTIC 


V 0H Output Voltage HIGH 


Vq^ Output Voltage LOW 


v OHC Output Voltage HIGH 


VqlC Output Voltage LOW 


Vj H Input Voltage HIGH 


Input Voltage LOW 


Input Current HIGH 


Input Collector - Base 
leakage Current 



Reference Voltage 



F 1 01 15 

-26 

-16 

Fiona 

-21 

-14 



CONDITIONS 


_ V IN ' V »HA » V IL* 
par Truth Tabto 

Loading 

V IN ' V IHB V ILA 
“ per Truth Table 

600 to -2 0V 


mV 0*C Guaranteed Input Voltage HIGH for 
25*C All Inputs 
75*C 


mV 

0*C 

25*C 

76*C 

** 

25°C 


25®C 

mA 

26*C 

mA 

25°C 

mV 

0*C 



Leeds 4.7.10.13 « V ILB . 
Leeds 5.6.11.12 ■ V 


Leeds 4.9.12 ■ V |LB . 
Leeds 6.1013 • V BB 


F 1 01 15. Connect Leads 6.6.11.12 
to Lead 9 



F10116. Connect 
to Lead 1 1 


Leads 6.10.13 


SWITCHING CHARACTERISTICS: V £E ■ -5 2 V. T A ■ 25°C 


LIMITS 


SYMBOL 

CHARACTERISTIC 

*PLH 

Propagation Delay. VOW to HIGH 

'PHL 

Propagation Delay HIGH to LOW 

•tin 

Output Trantition Tim« 
LOW to HIGH (20% to SON) 

•thl 

Output Trantition Tima 
HIGH to LOW (80% to 20%) 


CONDITIONS 



































































































FAIRCHILD ECL DATA SHEET • F10116 • F10116 


A lina racaivar it shown in Figura 2. Tht lino it normally tarmtnatad in its characteristic impedanca (typically 100 0 land 
output pull down ratittort (typically 610 Q ) ara utad. Tha voltaga acroaa the terminating ratiator Vy may be calculated 
at follows: 


V T 


t*EE - v OH> W T 

r e ♦ Ry ♦ r U ne 


Whara Vqh it tht output voftagt HIGH of tht driving gala. R^jNE •• th# ratiatanca and Ry it tht ttrmintting resistor With 
typical valuta. Vy it 620 mV. Tht lint rtctivtrt navt a minimum difftrtntial input voltaga gain of 7 V/V allowing vary long 
twitttd pairt to bt drivtn. Tht lira rtctivtrt tmploy activt currant tourcat which allow tham to rajact common moda in- 
puts batwatn -0 55 and -3 V 

Information trantftr it ofttn organised with a data but approach, whara many tourcat may input and racaiva data on a 
common but at illuttrattd in Figur* 3. This configuration it a tpacial cata of wirad-OR and tha lina rtcaivar inputt art 
attannaily tingle tndtd which rtductt worst caaa voltaga gain to 3.5 V/V. In practica it it pottibla to transmit data at rataa 
in excess of 100 MHi ova r but Itngths of 10 feet, having 10 or mort rtctivtrt and transmittars on tha lina. 

Twitttd pair difftrtnual lints art recommtnded for clock distribution tinea clock sktw may bs balanced by adjusting lint 
Itngths. Propagation timt it approximately 1 nt par tight inchat of lina. 


TWISTED-PAIR CONNECTIONS 


-DC 


3 


*ii - 


-*ii 


PPAP 


-*11 


v vvvj^ 


Differential Transmission and Reception 


Backplane Data Bus 


PARAMETERS FOR LINEAR APPLICATIONS 

V E£ • -5 2 V. V cc « GNO. I A « 25°C 


PARAMETER 

LIMITS 

UNITS 

8 

TYP 

A 

Voltage Gem 

3.5 

50 

60 

V/V 

Bandwidth 


60 


MHx 

Input Resistance 

4 

6 


kn 

I'tput Capacitance 


3 


pf 

Input Offset Current 


2 


P* 

Input Bias Current 


17 

30 


Common Mode Input 
Voltage Range 

-3 0 


-0 55 

V 

Common Mode Rejection Reno 

50 



dB 

Supply Voltage Rejection Ratio 


35 


dB 

Output Voltage Swing 


040 


Vpp 

Output Source Current 

i 

i 

50 

mA 


TYPICAL LINE RECEIVER 
DIFFERENTIAL GAIN 
VERSUS INPUT FREQUENCY 



» - - aa-s 


i 

t 


^ »tpvt Resistance 


9 


n 



F10124 

QUAD TTL TO ECL TRANSLATOR 


DESCRiPTION — Th« F10124 it s Quad Tisnslstor. designed to convert TTL logic 
lavolt to 1 0K ECL logic lovolt. Tha inputs art compatible with standard or with Schottky 
TTL A Common Enable input (Eq). whan LOW. holds all inverting outputs HIGH and 
holds sll True outputs LOW. Tha differential outputs allow each circuit to be used as an 
inverting/non-inverting translator or as a differential line driver. The output levels era 
voltage compensated. 

When the circuit is used in the differential mode, the FI 01 24. due to its high common 
mode refaction, overcomes voltage gradients between the TTL and ECL ground systems. 


DC CHARACTERISTICS: V ££ ■ -6 2 V. V cc > ‘5 0 V 



SYMBOL 

CHARACTERISTIC 

LIMITS 

UNITS 

D 

CONDITIONS 

B 

TYP 

A 

V 0H 

Output Voitaga HIGH 

-1000 

-660 

-600 


-840 

-810 

-720 

mV 

0*C 

25°C 

75*C 

v tN * ** 0 V 09 
♦0.4 V par 
Logic Function 

Loading is 

son to -2 ov 

V 0L 

Output Voitaga LOW 

-1870 

-1850 

-1830 


-1666 

-1650 

-1625 

mV 

o*c 

25*C 

75*C 

V OHC 

Output Voltagt HIGH 

-1020 

-980 

-920 



mV 

UrsSI 

V !N * V IHB 01 V ILA 
par Logic Function 

v 0LC 

Output Voitaga LOW 



-1645 

-1630 

-1605 

mV 

o*c 

25°C 

76 # C 

V.H 

Input Voltage HIGH 

♦1 9 
♦1 8 
♦18 

■ 

■ 

■ 

m 

Guarantaad Input Voitaga HIGH 
for All Inputs 

V IL 


0 

0 

0 


♦1.1 
♦1.1 
♦0 95 

■ 

n 

Guarantaad Input Voftaga LOW 
for All Inputs 

V CD 

Clamp Input Voltagt 

-1 5 



mm 

J5°C 

l|N * fTV * 

v eo 

Input Braakdo^n Voltagt 

♦5 5 



MM 

75°C 

l, N * ♦! 0 mA. Othar Inputs V, N * GND 

■in 

Input Currant HIGH 



50 

pA 

26°C 

V IN * *2 4 V. E c V |N « *0 4 V 

'|HX 

Input Currant HIGH 



200 

pA 

26°C 

E C V, N * *2 4 V. All Other 
Inputs V tN « »0 4 V 

'iLX 

Input Currant LOW E^ 

-128 



mA 

25°C 

E C V| N '*04 V. All Other 
Inputs V (N « *4 0 V 

•fL 

Input Current LOW 




mA 

25°C 

V, n *»04V. E c V |n «‘40V 

'££ 

Powar Supply Currant 

-34 

-26 


mA 

25 J C 

Inputs and Outputs Opan 

'com 

Powar Supply Currant 


♦13 

♦16 

mA 

25°C 

All Input* V |N » *4 0 V 

■ccl 

Powar Supply Currant 


♦18 

♦26 

mA 

25°C 

All Inputs Vjty > GNO 

























































































FAIRCHILD ECt DATA SHEET • FI 01 24 


SWVTCHINO CHARACTCRISTVCS: V fi • 6 2 V. V C r • ♦BOV. T A - 2I*C 


SYMBOL CHAAACTI ftlSTlC 


Propagator. Daisy, 
LOW to HIGH 


Propagation Daisy, 
HIGH 10 LOW 


Output Transition Tkna 
LOW to HIGH (20% to B0%) 


Output Transition Tims 
HIGH to LOW <B0% to 20%) 



CONOmONt 


•4 0 

r[ 

T 



■fl 

V| ( > III *I0« 


Connect unuMd output t through SO ft f%+\cn to piowod 
L v and l 3 tf aquai lansmt o« Sun •mpadanca i*n#t 
A T aqua is SO ft ia# m.«at»©« o * scop# 


i |— -*\ |— 1 


— *! — » 


»*■» m 
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F10125 

QUAD ECL TO TTL TRANSLATOR 


I 


i 


DESCRIPTION — The F10125 is a Q* ad Translator for converting FIOK logic levels to 
TTL logic lovels. Differential inputs allow each circuit to be used as an inverting, non- 
inverting or as a differential line receiver. An internal reference voltage generator 
provides V 03 on lead 1 fo' • ngle ended operation or for use in Schmitt trigger applica- 
tions. The outputs, which will go LOW when the inputs are left unconnected, have a fan 
out of 10 Schottky TTL loads. 

When used in the differential mode, the inputs have a common mode rejection of +1 V 
— making this device tolerant of ground offsets and transients between the signal source 
and the translator. 


TRUTH TABLE 


INPUTS 

OUTPUT 

Non-Inverting 

ming 


*n 

^n 

O n 

L 

H 

L 

H 

L 

H 

L 

L 

• 

, H 

H 

• 

OPEN 

OPEN 

L 

VEE 

Vee 

L 

L 

V BB 

L 

H 

CD 

CD 

> 

H 

CD 

CD 

> 

L 

H 

< 

03 

00 

H 

- 

» 


•Undetermined 


■ 


LOGIC DIAGRAM 



v cc • • 
V| t • a 
cmo • ia 


FUNCTION 


MON wviarMvC 
**VT l* 

ttvt^rwc 



I 


FAIRCHILD ECL DATA SHEET * FI 01 25 


DC CHARACTERISTICS: V £E • -5 2 V. V cc * GND 


SYMBOL CHARACTERISTIC 


Vqh Output Voltage HIGH 


^OL Output Voltage LOW 


V 0 hc Output Voltage HIGH 


V OLC Output Voltage LOW 


Input Voltage HIGH 


Input Voltage LOW 


Common Mod# Rejection 
Input Voltage HIGH ♦I.OV 


V IIH Common Mod# Rejection 

Input Vo'tSw* LOW ♦I.O V 


Vjhl Common Mod* Rejection 

Input Voltage HIGH -1 .0 V 


Common Mode Rejection 
Input Voltage LOW -10 V 


Reference Voltage 




Input Leakage Current 


Input Current HIGH 





CONDITIONS 


V IN* V IHA^ V ILS 
per Truth Table 


loac 
- 2.0 
♦20 


V IN 3 V IHB v V HA 
per Truth Table 


0*C Guaranteed Input Voltage HIGH for 
26°C All Inputs 


0°C Guaranteed Input Voltage LOW for 
25°C All Inputs 


mV 

0°C 

25°C 

75°C 

t* 

25°C 

pA 

25°C 

mA 

25°C 

mA 

25°C 

mA 

25°C 

mA 

25°C 



*IN * V EE 1 


3 V |HA Not* t 


E 



NOTES 

I . Complementary Inout • Vg E 

2 One Output at a Time 

3 Lead 2. 6. 10. 14 * V, N . 

Laad3. 7. 11. IS* Lead 1 (V BB > 


iu 





















































































FAIRCHILD ECL DATA SHEET • F10125 


SWITCHING CHARACTERISTICS: V EE ■ -6 2 V. T A ■ 26°C 


SYMBOL 

CHARACTERISTIC 

LIMITS 

UNITS 

B 

TYP 

A 

l PLH 

Propagation Delay. 
LOW to HIGH 

1.0 


H 

na 

‘PHL 

Propagation Dalay. 
HIGH to LOW 

1.0 


B 

na 

*TLH 

Output Transition Tima 
1 0 7 to 2 0 V 



3.3 

B 

‘THL 

Output Transition Tima 
2 0 V to VOV 



33 

B 


SWITCHING CIRCUIT ANO WAVEFORMS 


•tov 



500 termination to ground Ic- 5 25 pF. including tost fixture 

cated in eech scop# channel input 

All input and output cables to the On# input from eech goto must b# tiod to Vgg 

scope aro equal lengths of 50 n fLead 1) during testing 

coaxial cable Wire length should 

be <1 /4 inch from TP,^ to input 

lead and TPq uT to output lead 


PROPAGATOR 



!• • 
























F10131 

HIGH SPEED DUAL D FLIP-FLOP 


DESCRIPTION — The F101 31 contains two master/slave D-type flip-flops. The in- 
ternal clock is the OR of two clock inputs, one common to both flip-flops. The OR clock 
permits the use of one input as a clock pulse and the other as an active LOW enable. 
While the clock is LOW. the slave is held steady and the information on the D input is 
permitted to enter the master. The next transition from LOW to HIGH locks the master 
in its present state making it insensitive to the D input. This transition simultaneously 
connects the slave to the master causing the new information to appear on the outputs. 
Master and slave clock thresholds are internally offset in opposite directions to avoid 
race conditions or simultaneous master/slave changes when the clock has slow rise or 
fall times. 

Each flip-flop has separate set and clear inputs which asynchronously determine the 
state of the output independent of the clock levels. Note that the output voltage levels 
of a flip-flop are unpredictable if both set and clear signals are HIGH. 

LEAD NAMES 


0 n 

Data Input to Muster 

CP n 

Clock Input 

CP C 

Common Clock Input 

On 

Output 

On 

Complement Output 

S 0 

Set Oirect Input 

Co 

Clear Direct Input 


SYNCHRONOUS 
OPERATION 
D TABLE 


D 

WEsm 

L 

L 

H 

H 

S D 2 Cq 2 LOW 


(1*1) « Tima altar pos'tiv# 
going clock transition 


TRUTH TABLES 

ASYNCHRONOUS OPERATION 
S 0 C D TABLE 


C D 

S D 

Q 

Q 

L 

L 

See 

D Table 

See 

D Table 

a 

u 

H 

L 

H 

L 

L 

H 

H 

H 

undetermined 



LOGIC SYMBOL 



vcc i - 1 

Vcc 2 • 

Vfft 


CONNECTION DIAGRAM 
OIP (TCP VIEW) 


c 

v cc» V 

y *CC2 

3 -« 

’C 

Ol 

Ol 

3 >» 


0, 

Ol 

3 -« 

*c 

Coi 

C02 


•c 


•02 


•c 

C*1 

c *2 

3 " 

»c 

Ol 

Ol 

3’o 

•c 

v tl 

C Pc 

3* 
















rAIH ;niLL> fcCL OAIA SHfcfcT • FI 01 31 


OC CHARACTERISTICS: V EE «-S 2 V. V cc ■ GNO 


SYMBOL CHARACTERISTIC 


Vqh Output Voltage HIGH 


V 0L Output Voltage LOW 


v OHC Output Voltage HIGH 


Vqlc Output Voltage LOW 


Input Voltage HIGH 


Input Voltage LOW 


Input Current HIGH 
CP 
C CP 
0 

So 8* C Q 


Input Current LOW 


Power Supply Current 


SWITCHING CHARACTERISTICS V EE * -5 2 


LIMITS 


TYP 


Toggle Frequency 

125 

Propagation Oelay 
Clock to Output 

15 

Propagation Delay 
Clock to Output 

1 5 

Propagation Dealy 
Set to Q. Clear to Q 

12 

Propagation Oelay 
Set to Q. Clear to Q 

1.2 

Output Transition Tim* 

LOW to HIGH (20% to 80%) 

. 

15 

Output Trtnsition Time 
HIGH to LOW (80% to 20%) 

1 5 

Set-Up Time 
Data to Clock 

2 5 

Hold Time 
Data to Clock 

1 5 



CONDITIONS 


mV 

0*C 

25*0 

76*C 

mV 

0°C 

26°C 

75*c' 

mV 

0°C 

25°C 

75°C 

mV 

0°C 

25°C 

75°C 

mV 

0°C 

25°C 

75°C 

mV 

0°C 

25°C 

75°C 

mA 

25°C 

pA 

25°C 

mA 

25°C 



Loading la 
500 to -2.0 V 


Guaranteed Input Voltage HIGH for 
All Inputs 


Guaranteed Input Voltage LOW for 
All Inputs 



V IN s V ILB 


25°C I Inputs and Outputs Open 








































































































F10136 • F 10536 • F10137 • F10537 

4-STAGE UP/DOWN COUNTERS 

F10K VOLTAGE COMPENSATED ECl 


DESCRIPTION - The F10136/F10536 and F10137/F10537 art 4-stags lynchronom 
counters capable of operating at typical count rates of 250 MHz. The circuits are designed 
to operate in count up, count down, hold, and prat* modes. at datarminad by signals 
apptiad to taiact inputs S, and S*. Tha F10136 it a modulo-16 binary countar and tha 
F10137 It a BCD (6421) dacada countar. 

All operations ara synchronout and ttata changat ara initiated by tha rising adga of tha 
dock. Each circuit has an actrva LOW Count Enabia (Cl) input and an acttva LOW Tamunal 
Count (TC) output which allow two or mors countars to ba cascadad without extra logic. Tha 
prasat faatura makas it postibts to usa tha F 101 36 and FI 01 37 as programmable countart 
at a broad variety of applications. 


a HIGH SPEED . . . 240 MHi TYPICAL COUNT RATE 
a FULLY SYNCHRONOUS 
a RIPPLE CARRY SIMPLIFIES CASCADING 
a PRESETTABLE, FOR VARIABLE MODULUS APPLICATIONS 
a SELECT INPUTS CAN BE WIREO TO V CC 
a SO 0 LINE ORIVING CAPABILITY 
a SEPARATE V C C FINS ELIMINATE NOISE COUPLING 
a INTERNAL SO kO !*PUT PULL DOWN RESISTORS . . . UNUSED INPUTS 
CAN BE LEFT OPEN 


FIN NAMES 


Cl 

Count Entbi# Input (Actlva LOW) 

CP 

Clock Putta input (Positive-Going Actlva Edge} 

Pn 

Prtset Data Inputs 

On 

Flip-flop Outputs 

Sn 

Operating Mod# Select Inputs 

ft 

Tarmmal Count Ou'put (Active LOW) 





































FAIRCHILD ECL • F10136 • F10S36 • F10137 • F10S37 


FUNCTIONAL DESCRIPTION— In the counting modes, the F10136 follows t straightforward binary saqutnes. Ths 
F 10137 follows ths 6421 BCD sequence, as Indicated In ths stats diagrams on pags 1. For sithsr circuit typs, thsCE In- 
pr* must be LOW for counting to occur, as indicated in ths semple sequences of F/gu/es f and 2. 

The Select inputs determine the operating mode of a circuit, as shown m the table of Figure 3. AN operations are 
synchronous and state changes are initiated by the rising edge of the clock. The £7 input has no effect on the preset 
and hold operations. Either of the Select Inputs can be wired to Vcg this simplifies designs in which 8i or Sg Is re- 
quired to always be HIGH. 

In the counting modes the T5 output is controlled by the CE Input and by the state of the flip-flops, as indicated In 
Figure 3. TC is normally HIGH and goes LOW (assuming CE is LOW) when the counter reaches zero in the count down 
mods or when it reaches maximum (13 for the 10136, 0 for the 10137) In the count up mode. The control that the CE In- 
puts has on ths TC output makes it possible to form multi-stage counters without external logic, as shown in Figure 4. 
In order for a given stage to count, the TC outputs (and thus the CE Inputs) of all th« preceding stages must bs LOW. 
The frequency capability of this arrangement Is limited by the time required for s negative-going TC signal from the 
first stags to ripple through to the Cl input c‘ the last stage. The time between successive positive-going clock edges 
must not be less than the sum of the CP to 1(5 delay of the first stage, the CE to TC delays of the Intermediate stages, 
and the CE to CP set-up time of the last stage. The counter can be enabled/disabled at the Cl Input of the first stags 
(Figure 4), or by using the Select inputs. 

in tha preset mode, the TC output of the F10136 is forced LOW. while that of the FlO’37 depends on the statu of Q« 
end O 2 . as indicated In Figure 3. For either circuit type, the TC output Is forced HIGH in the hold mode. This feature 
can be used to simplify designs for certain types of applications. In the simple counter of Figure 4, for example, the 
second and subsequent stages can beprevented from counting by putting the first stage into the hold mode, causing 
a HIGH signal to ripple through ,o all TC outputs. Wiring simplification is possible if the counter is to operate in only 
one of the counting modes, plus preset end hold. For example, if the Si inputs of the second and subsequent stages 
are left open (LOW) and their S 2 inputs wired in parallel with S2 of the first stage, then the Sg signal selects either the 
count up or preset mode for these latter stages. Putting the first stags Into the hold mode effectively achieves s hold 
for the entire counter in the manner previously described. Designers should bear in mind that a TC output is subject to 
decoding spikes and therefore should not be used as a clock. 


Th# flip-flops are master/slave type with internal JK feedback. Information enters the master when the clock is LOW 
and transfers to the slave when the clock goes HIGH. Signals on the Preset, Select, and CE inputs must be in the in- 
tended state at least a set up time before the clock rising edge. Hold times for these inputs are negative, however, 
which offers simplifications in some applications. Figur§ 5 illustrates an arrangement for a programmable down 
counter using Ft 01 33 circuits. When the counter reaches the all-zeros state and the clock goes LOW, the TC outputs 
will go LOW. starting at the first stage and rippling through to make the Si Inputs LOW. Thus with Si and $2 LOW the 
circuits are in the preset mode and the preset data will be entered on the next rising clock edge. S 2 also goes HIGH 
(with the dock) but this does not interfere with presetting because of the negative hold time characteristic. The CE In- 
put of the first stage also goes HIGH with the presetting clock, causing the TC output to go HIGH and ripple thiot -ft 
the second and third stages to make the S Inputs HIGH. After this Is accomplished the circuits are In the hoK mOe 
when the clock is HIGH and in the count down mode when the clock Is LOW. 

The outputs of these circuits have no internal pull-down resistors and the 50 kQ Input puli-down resistors of F10K 
elements do not provide sufficient current to perform the pull-down function at electronic speeds. External pull-down 
current is an integral function of the termination scheme selected by the system designer, as discussed In Chapter 5 
of the Fairchild ECL Handbook. 


Fig. S. Mode S elect and Terminal Count Equation Table 


Operating 

Terminal Count Output Equation 

Me a 

F10136 Binary 

F10137 BCO 

Freeet 

TC-LOW 

fE • Q} ♦ O2 

Count Up 


tc-5 + q5*q, + 02»q; 

Count Down 

ft • CE ♦ Qo ♦ Oi ♦ O2 ♦ O3 

TC - CE ♦ Qq ♦ Oj ♦ Q 2 ♦ Q3 

Hold 

TC-high 

TC.high 



































































F 10160 

12-BIT PARITY CHECKER/GENERATOR 


i 


DESCRIPTION — The F10160 is a 1 2 -Input Parity Generator. Tha output will be HIGH 
whan an odd numbar. of inputs ara HIGH; typical daisy is 4 ns. For applications requir- 
ing fawar than 12 inputs, unusad inputs may ba left open, since internal input resistors 
hold unconnected inputs LOW. 


LEAD NAMES 

l„ Inputs 

Pq PsntV Odd 








DC CHARACTERISTICS: V f| • -8 2 V. V cc • ONO 



ruABArrcuen/* 

LIMITS 

UNITS 

mm 

CONDITIONS 


tnAnAcilniliK* 

• 

TYP 

A 

■9 

V 0H 

Output Voltage HIGH 

-1000 


-S40 

mV 

0*C 




-MO 


-S10 


26*C 





-too 


-720 


76*C 

V IN * V IHA «* V ILS 


V 0L 

Output Voltage LOW 

-1870 



mV 

o*c 

per Log* Function 



-I860 









-1830 




m 


Loading is 

V CHC 

Output Voltage HIGH 

-1020 



mV 

OK 


60H to -2.0 V 


-880 




25*C 





-820 




76*C 

V IN " V IHB — V ILA 


v OLC 

Output Voltape LOW 



-1646 

mV 

OK 

per Logic Function 





-1630 


26*C 







-1606 


76 # C 



V IM 

Input Voltage HIGH 

-1 148 


-840 

mV 

0*C 

Guaranteed Input Voltage HIGH for 


-1106 


-810 


2S*C 

All Inputs 




-1046 


-720 


75®C 



V IL 

Input Voltage LOW 

-1870 

- 

-1490 

mV 

0*C 

Guaranteed Input Voltage LOW for 



-1860 


-1476 


25*C 

All Inputs 




-1830 


-1460 


76*C 



•lH 

Input Current HIGH 
(All Inputs) 



220 

MA 

26*C 

V IN * V IHA 

*IL 

Input Current LOW 

ma 



pA 

25*C 

V|N* V ILB 

'EE 

Power Supply Current 

E3 

•46 


mA 

26 f C 

Inputs and Outputs Open 


SWITCHING CHARACTERISTICS: V £E ■ -B 2 V. T A ■ 25°C 


cvMnm 

rUAD ATTCOlCTir 

LIMITS 

OTMBUL 

V r t 1 CnlO 1 IL 

HOI 

TYP 

•plh 

Propagation Delay. 
LOW to HIGH 

■ 

H 

'PHL 

Propagation C/etay, 
HIGH to LOW 


H 

'TLH 

Output Transition Tima 
LOW to HIGH (20% to 80%) 

16 

■ 

•thl 

Output Transition Tima 
HIGH to LOW (80% to 20%| 

16 

■ 
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F10161 


l-OF-8 DECODER 


ACTIVE LOW OUTPUTS 

* 


DESCRIPTION — Tha F101S1 icciptt • 3-bit binary input and provtfaa tight mutually 
axcJusiva outputs. Tha salacttd output will ba LOW whila all othar outputs ara HIGH. 
Two anabla inputs forca all outputs HIGH whan aithar or both ara HIGH. Typical daisy 
is 4 ns from any addrass or anabla to any output. 


LEAD NAMES 

£ n Enable (Active LOW) 

A n Address Inputs 

5 n Output (Active LOW) 


f 









FAIRCHILD ECL DATA SHEET » F10161 


TRUTH TABLE 



L * LOW VoHag* Laval 
H * HIGH Voltaga Laval 
X * Don't Caro 


DC CHARACTERISTICS: V £E * -5 2 V. V cc = GND 


SYMBOL 


LIMITS 

1 IKJITC 

ii 

CONDITIONS 

CH AHACT £ n 1 5 • 1C 

8 

' TYP 

1 A 

UNI l d 

19 

V 0 H 

Output Voltage HIGH 

-1000 

| 

j -840 

mV 

o°c 




-960 


-810 


25°C 





-900 

i 

-720 


75°C 

V IN * V IHA w V IIB 


V OL 

Output Voltage LOW 

||gTT7™ 


mm 

mV 

0°C 

per Truth Table 



^TT?7B 

■; 

■BSI 


25°C 






■ 

-1625 


75°C 


Loading is 

V OHC 

Output Voltage HIGH 

-1020 



mV 

0°C 


50n to -2.0 V 


-980 




25°C 





•920 




75°C 

V IN * V IHB or V ILA 


V OLC 

Output Voltage LOW 


■ 

-1645 

mV 

0°C 

per Truth Table 




1 

-1630 


25°C 






HI 

-1605 


75°C 



V| H 

Input Voltaga HIGH 

Bsa 


-840 

mV 

0°C 

Guaranteed Input Voltage HIGH for 




mm 


25°C 

All Inputs 




-1045 


wm 


75°C 



V IL 

Input Voltage LOW 

■SB 


-1490 

mV 

mm 

Guaranteed Input Voltage LOW for 





-1475 



All Inputs 




H 


-1450 


m 



! ih 

Input Current HIGH 



220 

pA 

25°C 

V|N 1 V IHA 

'IL 

Input Current LOW 

05 


l 

pA 

25°C 

V IN 1 V ILB 

*EE 

Power Supply Current 

-76 

-55 

j | 

mA 

25°C ! 

Inputs and Outputs Open 



































































mnvnibW CUL UAIM SHbcr • FI 01 61 


» WITCHING CHAWACTtRItTICS: V EE » -6.2 V. « ONO. T A » 28«C 


LIMITS 






SYMBOL 

CHARACTERISTIC 

*PLM 

Propagation Da lay, 
LOW to HIGH 

Vhl 

Propagation Da lay 

•tlh 

Output Transition Tima 
LOW to HIGH (20% to 80%) 

’tml 

Output Trans it. on Tima 
HIGH to LOW [ 60 % to 20%) 



CONDITIONS 



3.3 

nt 

3.3 

ns 

































F10171 

DUAL 1-0F-4 DECODER/DEMULTIPLEXER 

SELECTED OUTPUTS LOW 


t 


DESCRIPTION — The FI 01 71 contains a pair of 1-of-4 Decoder/Multiplexers with 
Common Enable (Eg) and Address (Aq and Aj ) inputs. In each decoder the unsetected 
{or disabled) outputs are HIGH and the selected (or enabled) output repeats the informa- 
tion present on its data input <T a or T b ). If the t g input is HIGH all outputs of both de- 
coders are HIGH, as indicated in the truth table. The F101 71 can be used as a i of-8 
decoder/demultiplexer by connecting the True and Complement of the third address bit 
toT a andTjj. respectively, and using Pg as either a data input or as an enable. 

LEAD NAMES 

Ig Common Enable (Active LOW) 

A n Address Inputs 

T n Data inputs 

Outputs 


LOGIC DIAGRAM 


% 


N> • 


*\ * 

«"c '» 
V t 







FAIRCHILD ECL DATA SHEET • FI 01 71 


TRUTH TABU! 


h 

\ 

D 

D 

Co. 

gi. 

fe 

°3b 


L 

L 

mm 

mm 

l 

H 

H 

H 


L 

H 

Ml 

M 

H 

H 

H 

H 

l - LOW Voltage Level 

L 

BM 

mm 

H 

H 

■■ 

H 

KH 

L 

KB 

Mi 

H 

_H 

■M 

H 

El 

M ■ NGH Voltage Ifvti 

L 

L 

L 

H 

H 

H 

M 

H 

H 

H 

H 

L 

H 

H 

H 

X • Don't Coro 

L 

■B 

H 

H 

H 

H 

H 

mm 


L 

M 

H 

H 

H 

H 

H 

BBI 


H 

X 

X 

X 

H 

H 

H 




DC CHARACTERISTICS: V EE • -5 2 V. V cc - GND 


SYMBOL 

! 

CHARACTERISTIC 

\ LIMITS 

UNITS 

D 

CONDITIONS 

B 

TYP 

A 

BM 

Output Voltage HIGH 

-1000 


-840 

mV 




Km 


-WO 


-810 





1 


-900 


-720 



V IN “ V IMA w V ILB 


V 0L 

Output Voltage UOW 

mm 


-1665 

mV 

o°c 

per Truth Table 




■ESI 


-1650 


25°C 



1 

1 

-1830 


-1625 


75°C 


Loading is 

V 0HC 

Output Voltag* HIGH 

-1020 



mV 

o°c 


son to -2.0 V 



-980 




26°C 





-920 




75 P C 

V IN * V IHB 01 V ILA 


V 0LC 

Output Voltage LOW 



-1645 

mV 

■a 

per Truth Table 






-1630 


ESI 







-1605 


■S3 



V IH 

Input Voltage HIGH 

mm 


-840 

mV 

o°c 

Guaranteed Input Voltage HIGH for 



BSIlSFPil 

■ 

• 9 


25°C 

All Inputs 




-1045 


KI 


75 *C 



V IL 

Input Voltage LOW 



-1490 

mV 

o°c 

Guerenteed Input Voltage LOW for 





-1475 


25°C 

| All Inputs 






-1450 


75 D C 

j 


•|H 

Input Current HIGH 


i 

220 

pA 

25°C 

V IN * V IHA 

*IL 

Input Current LOW 

0 5 



pA 

25°C 

V IN * V ILB 

*EE 

Power Supply Current 

-77 

-62 


mA 

25*C 

Inputs and Outputs Open 


SWITCHING CHARACTERISTICS: V EE « -5 2 V. Vcc ' GN0 - A ■ 25°C 


SYMBOL 

CHARACTERISTIC 

LIMITS 

UNITS 

CONDITIONS 

B 

TYP 

A 

*PLH 

Propagation Da lay. 
LOW to HIGH 

15 

B 

60 

«» 

c 


*PHL 

Propagation Delay. 
HIGH to LOW 

15 

B 

m 

ns 

*TLH 

Output T ranaitior. Tim* 
LOW to HIGH (20% to 80%) 

11 

B 

33 

ns 

*THI. 

Output Transition Tim* 
HIGH to LOW 180% to 20%l 

11 

B 

B 

ns 
















































































































F10173 

QUAD MULTIPLEXER/LATCH 


DESCRIPTION — The F10173 is a Quad 2-Channel Multiplexer with latches. It in- 
corporates a common Enable and a common Data Select input The Select input deter- 
mines which Data input i$ enabled. A HIGH input enables Data inputs Cfo , C^b ^Oc* 
and Dq 0 and a LOW enables Data inputs D^ ( Dj c , D^. Any change on the Data 
input appears at the outputs while the Enable is LOW. The outputs are latched on the 
positive transition of the enable. While the Enable input is in the HIGH state, a change 
in the information present at the Data inputs does not affect the output information. 

LEAD NAMES 

$ Data Select 

D n Data Inputs 

E Enable (Active LOW) 

Q n Outputs 














DC CHARACTERISTICS: Vgg » 


SYMBOU CHARACTERISTIC 


v OH Output Voltage HIGH 


V 0t Output Voltege LOW 


V OHC Output Voltage HIGH 


v OLC Output Voltage LOW 


Input Voltage HIGH 


Input Voltage LOW 


Input Current HIGH 
Enable and Select 

Data 


Input Current LOW 


Power Supply Current 



conditions 


W«C V |N .V lMA orV |ta 
q*c per Truth Table 

2S*C 

75*C 


Loading It 
50 n to -2.0 V 


V IN * V »HB °* V ILA 
mV 0°C *•* Trwlh T#b,f 

25»C 
7S*C 


mV 0°C Guaranteed Input Voltage HIGH for 
25°C Alt Inputs 
76 W C 


mV 0*C Guaranteed Input Voltage LOW lor 
25°C All Inputs 
75°C 


pA 25*C V IN - V |HA 


pA 2S*C V lN .V |LB 


mA I 25°C Inputs and Outputs Open 


SWITCHING CHARACTERISTICS: Vgg « -6 2 V, T A * 26°C 


SYMBOL CHARACTERISTIC 


Propagation Delay 
Enable to Output 


Propagation Delay 
Data to Output 


Propagation Delay 
Select to Output 


Outout Transition Time 
LOW to HIGH |20% to 80%) 


Output Transition Time 
HIGH to LOW (80% to 20%) 


Set-Up Time 

Data 

Select 


Hold Tame 

Data 

Select 


LIMITS 


UNITS CONDITIONS 
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F10174 

DUAL MULTIPLEXER 


! 

t 

) 





DESCRIPTION — The FI 01 74 it a high speed Dual Channel Multiplexer with output 
enable capability. The Select inputs determine one of four active Data inputs for each 
multiplexer When the Enable input is HIGH, both outputs are forced LOW. The Enable 
is also useful when OR-wiring several multiplexers to achieve additional channel cape* 
bility. 


LOGIC SYMBOL 


LEAD NAMES 

l n Address Inputs 

I Enable (Active LOW) 

Z a Outputs 

S n Select Inputs 


14 ) • 4 I I) II II 10 

, n i i 1 1 i i i 

. I. 1 to* M* *!• <01 'U 




410174 

DUAt WU.TWUMA 



a it 


v cci • « 

V CC J*»« 
V K( • 4 


TRUTH TABLE 


E 

a 

m 

2. 

2b 

H 

X 

X 

L 

L 

L 

L 

L 

! 0a 

*0b 

L 

L 

H 

*ta 

hb 

L 

H 

L 

*2a 

! 2b 

L 

H 

H 

*3a 

*3b 


L » LOW Voltage Ltv*l 
H * HIGH Voltage Lfvel 
X * Don't Caro 


LOGIC DIAGRAM 



Note that this diagram is provided tor understanding of logic operation only 
h should not ba used for evaluation of propagation delays as many gate 

functions are achieved internally without incurring a full gata delay O * LEAD NUMBERS 


om 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 











FAIRCHILD ECL DATA SHEET • FI 01 74 


PC CHARACTERISTICS: V EE ■ -6.2 V. V cc ■ GND 



ruADArTCttlCTI^ 

LIMITS 

i i^irra 

mm 

mufMtlAUG 


5T¥IOL 

LrlAHAwKnlsTIv 

6 

TYP 

A 

UWIS 

Bl 

Lvnwi I iwna 


v OH 

Output Voltage HIGH 

-1000 


-040 

mV 

OK 





'960 


-910 


25*C 





-900 


-720 


76*C 

V IN • V IHA * V ILS 


V OL 

Output Voltage LOW 

-1070 


-1665 

mV 

OK 

per Truth Table 



-1660 


-1650 


25*C 





-1030 


-1626 


75*C 


Leading la 

V OHC 

Output Voltage HIGH 

-1020 



mV 

o*c 


600 to -2.0V 


-960 




26*C 





-920 




75*C 

V IN ’ V IHB " v tt> 


V OLC 

Output Voltage LOW 



-1646 

mV 

OK 

per Truth Table 





-1630 


25K 







-1606 


75®C 



V|H 

Input Voltage HIGH 

-1145 


-040 

mV 

OK 

Guaranteed Input Voltage HIGH for 


-1105 


-010 


25 9 C 

All Inputs 




-1045 


-720 


76*C 



V IL 

Input Voltage LOW 

-1070 


-uso 

mV 

0*C 

Guaranteed Input Voltage LOW lor 



-1060 


-1476 


26*C 

All Inputs 




-1030 


-1450 


76*C 



] \H 

Input Current HIGH 




l»A 

25*C 

nei 



Data 



220 






Enable 



330 





•it 

Input Current LOW 

■a 



ma 

26°C 

V|N* V ILB 

'EE 

Power Supply Current 

-60 

-40 


mA 

25*C 

Inputs and Outputs Open 


SWITCHING CHARACTERISTICS: V EE ■ -5 2 V. T A ■ 25»C 


SYMBOL 


'PHI 


*PLH 


'PHL 


'TLH 


'THL 


CHARACTERISTIC 


Propagation Delay 
Data to Output 


Propagation Delay 
Select to Output 


Propagation Delay 
Enable to Output 


Output Transition Time 
LOW to HIGH (20% to 80%) 


LIMITS 


1 .6 


20 


10 


16 


1 5 


TYP 


30 


40 


20 


2.0 


45 


60 


29 


33 


UNITS 


na 


nt 


CONDITIONS 


Output Transition Time 
HIGH to LOW (80% to 20%) 


2 


33 


ns 


























































































ECL ISOPLANAR MEMORY F10415 / F10415A 

1024X1-BIT FULLY DECODED RANDOM ACCESS MEMORY 

FAIRCHILD VOLTAGE COMPENSATED ECL 


GENERAL DESCRIPTION - Th# F 10415 and F 10415 A »fi 10744>it Read/Wnta Random Act ft! 
M t wenw orgemtad 1074 word* by one bit They •« for h »gh «P##d •cratcf' p#d. control and 

bufbr iiort^t io 0 liclii«(n Both include »uM iddiHt decoding on th# chip, h#u# i#p#r#t# D#t# In 
end non mv#ft#d D#t# Out Unm. end tctiv# LOW Chip S#l#ct ltn#e. Th#y #r# compatible «nt h F 10* 
#nd uncomp#n*#t#d 10* ECL lemiti#! and include on<hip voltage compensation for improved 
norct marfin. 

Th# F 10415 and F10415A art packaged in a hermit* c#»#m*c I5~pm dual m-lm# package and #r# 
epectlied tor operation over th# t#mp#ratur« rang# 0’ C to 75* C 

• COMPATIBLE WITH FlOK AND UNCOMPENSATC D 10* tCL LOGIC 

• TYPICAL At AO ACCESS TIME . . 

F104I5 - Tfne 
F10415A - 1 2 ne 

• TYPICAL CHIP SELECT ACCESS TIME 

F 10415 - 7m 

P 10415A — 5 nt 

a ORGANIZED 1024 WORDS X 1 *lT 

a OPEN EMITTER OUTPUT FOR CASE OF MEMORY EXPANSION 
a POWER DISSIPATION 0 5 mW/BlT 

a POWER DISSIPATION DECREASES WITH INCREASING TEMPERATURE 


PIN NAMES 

Cl 

Ag to Ag 

0|N 

OquT 

WE 


Chip Select Input 
Add* *ti Input! 
Dete Input 
Oeta Output 
Write En«b>« Input 


LOGIC DIAGRAM 



O ■ n»R NwmMn 


LOOlC SYMBOL 


*4 l» l| 



V CC - n,n it 

V(| • Pm • 


connection oiagram 
DIP ITOP VIEW! 



NOTE 

The Fiatpefc *#r»»on He« th# urn# 
p nouu (Connection Oiag«em} it the 
Dual m ime Package. 


s s 





FAIRCHILD ECL tSOPLANAR MEMORY • F 10415 /F 10415 A 


riwCTiONAL DISCRETION - Tho P 1041 Sand M041|Av« futty d o codtd 1024+it fttaifflM* Random A mm M amorra **** * 1«4 
avoi DV9NM, •« Motion * aa h owtod by m um of a tMil BQO u w. A© to Ap . Ona Cho Satan input A !•» memory array oapan- 

iioAuaia 304i MQftfi wihovt Ha naaa for automat paaodinr fa largar memortoa, tho fait cm# wtaat aaaaaa tune porm m tho d m din| of 
Op Sraet ittl from tha oddrra artthaot inorofloiof oddrtw wera tana. Tha roe* and writo operations ara eontroRed by tto nata of tha attfc* 
LOW Write Enable ififli w»«h fit and Cl held LOW. tha dew at Dm it nrtttah into tha oddi ra ad hui*w, To *aaa. fit it he* HlOH ami Q 
ara LOW. Data m tha specified tocatioh it pra wne d at Oqut end a non huoc iod. 

An unt ermine ted omit ter -foMower output w or puiped oh tha P104lft or* F1041SA to ettOur ft#«ib«kty m Output connection. In 

meny applications »wch at memory oapa ns iew, tha outputs of meny F1041S* or F104l|As cart ba t«ed together. in othor eppticttions tha 
nutdOR o not used. in yithar case an a>tarn#l M n puM dawn reamer to -2 V or on oouiwlo m na te sortt matt ba mod to prow— a LOW at 
rM output wnen it <i c *t 

AbtOLUTl MAXIMUM RATING* (Am which tha ucofui Ufa may ba impeirodl 

S t or eyt Temperature -SS*C to *110*0 


Temperature IAme*ent> Under t»ai 
V|{ P«n Potential to Ground Pin 
input Volte* (Oc) 

Out out Current (pc Output HIGH) 


TASLl 1 - 
TRUTH tarls 


CUARANTEIO OPt RATING RANOU 


PART NuMitR 


Pt04150C,P1041»AOC 


OUTPUT 

QPINtMlTTIW 

L 

L 


NOT tUICTIO 
WRIT! -O' 

waits *1" 

RIAO 


-SS*C to ♦ t|0*C 
-M*C to PtTfC 
-7.0 V to aO.1 V 
VCKtorOIV 
-)0mA to *0.1 mA 


L * LOW Val u ta LOvON • -1.7 V 
h • HIGH Vottaoa Lowe* • -•.# V 
(Nominal m h roa l 
X • Dut t Cara 


SUPPLY VOlTAGC IV|j J 


AMilCNT TCMPiRATURt 
Sat Note 4 


ore to 7i* c 


DC CHAR ACT CRIST ICS: V ft • -S3 V. Output Load - SO n and 30 pP to -2 0 V. T A - 0*C to 7»*C (Nat* 4) 


LIMIT IINota 3N LIMIT 


-•40 

-•10 

- 720 


IVMROL 


VQH 


CHARACTERISTIC 


Output vottay* high 


CONDITIONS 



Output volte* LOW 


Output voita* HIGH 


Output Volte* LOW 


Input Voitaya HIGH 


Input Volte* LOW 


Input Cu*r*n| HIGH 


input Currant LOW. 
AH others 


Powa* Supply Currant 
(Pin «| 



mV 

O'C 


♦2f*C 

i 

♦ 75* C 


v lN * VlHA*' V IL« 



V|N * V|H* W V iLA 



mV 

o*c 

Guar an toad input Vottayt hi OH 


♦ 2$*C 

tor Am Inputt 


*7S"C 


mV 

o-c 

G^~ar*i#ad input Vottapi LOW 


+2S*C 

tpr AM tnpuU 


♦?S*C 


pA 

0to*7S*C 

V|N* VjhA 

m 

♦ 2S‘C 

V 'N " V, L § 


AM Inputs and Output! Opan 


NOTfJ 

t Cana>t*an« tar tatting n«t t***rn m tna iao««« #r« cn«tan ta fuarantaa opar«t*an w*aa* war*# nu" cona.t.an* 

} ▼ n« «pa<><iaa Lihmi taprasant ma ward ca*a v«iw« ta* tn« paa"*ir *•«<• m*M wo«t< com *«'uat accui at tna to moor »«u*a 

Ob tr#mot *nai*an*i no**# immunity on a two** Panama can aa a*n<**od toy eacreeamf me eMenaOie system aaaroting 
) Typical vt‘u«t aroatVfi • *t J V, T^ • ja* C ana **#••*§ 

4 Owi< an toon with t'onaHHM a*r tiow ••cooo.ny 400 tmoor MM one 2 mmyw worm uo par *o4 Typical roaatan^a *aiuat at im pacaapa a«a 
a jA IJwnct.an ta Amo>antl • 00 C n»M («tiM #•'! 

a jA Uunctian la Amp*antl • OO'C Watt l#t 400 f P M air *‘4w> 
f JC I June t.#n to C«« 0 l * 2**cm»#tt 

5 T no moBimum ooO'obb occooa ms# .« pu a* on c oo d ta ba tha nrt< com pit m tna mamary wtnf a paoudpr ondpm tadmo pattarn. 

• OlHiNtTiON or SVMOOlS and Ttawi usto IN This DATA Shut 

Tna »ympoi« uu tarma uaad m tat# ooia #naat Ka—a boon c no con to opraa wnts mo UdU at andar oa at tna Itactran««a mosrainaa Aaaac<a«*pn 
and ma intarnatipnat Ctactratacnmca* C#mmioa«pn Tna *aiai>oa *a>uaa a* ma tpo citwa nm.ia win pa iata*an«od to an ot 

papra^c Kata Tna aotramitiaa a* ma #u*t a»a "A* 4 ma «a«ua c tpaaa t ta paa>t<«a *nt«n,ty * • tna «#iua c**«aat ta nopot. wo mtmity 































































FAIRCHILD ECU ISOfLANA® MEMORY • Mf4 «*/F1041SA 


AC CHARACTCRlftTICS V|| • -ft 2 V « *%. Output load • ftO O. 20 pF t» -2 0 V. T A • 0*C to 7»*C 


ftVMftOl 

PARAMCTIR 

1 RIAD MODI 1 

‘ACS 

Ch** fltiact Aceaw Time 

*RCS 

Chip Select Recovery T*m# 

«AA 

Addrate Arana Tam 

1 WRIT! MODI j 

*w 

Writ* Pwlta Width 
(to Guarantee wmi'N 1 

•WIO 

Oat* Set up Tima 
Prior to Writ# 

•WHO 

Oat it MoW Tim* 
Altar Writ# 

*WSA 

Adtfratt Sat up Tam 
Prior 10 Writ* 

•WHA 

Addrtt* HoW Tima 
Aft#* Writ* 

•wscs 

Chip Select Sat wp Time 
Prior to Write 

•WHCS 

Chip Select Mold Tima 
After Write 

•ws 

Writ* Disable Time 

•WR 

Write Recovery Tim# 

| RISC TlMl AND FALL TlMf ! 

»r 

Output Rue Time 

«f 

Output Fell T.me 

CAPAClT 

C,N 

CquT 

ANCf 

Input Pm Capacitance 
Output Pm Capacitance 


MIN TV* 
(Nett 2 ) 


CONDITIONS 


F* la ft b m eaiurt d w 

SO % of input •.•*< d 
OMtpyt IV, LA 0L 

* V,h«*A» VqhI 


r 10414 * F 1041 S 

»WftA * • *• MfSA * » ' 


F 1 041 1* F 1041 ft 

tw«12nt *w ■ JS ** 


Ftf 2 measured 

«1 SO % of input 
to valid ow< out 
‘V, L A»Of V OL Of 
V IHi <or v om* 


Mootufod txi wM " 20 % 
end 80 V pomt* 

(F»f lal 


Mftiyif will) a *«<»# 
Technique 


RC AD MOOt PROPAGATION OfLAY 
FROM CHIP ftiLiCT 


At AO MOOt PROPAGATION OfLAV 
FROM AOORISS 
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The MC164I it an emitter coupled oaciHetor, comtruc 
ttdon « unfit monoMh* silicon chip Output Itvtta art 
compatible with MtCL Ml tof*c lav* Is The otCiHa(o< rt 
oufftt an tutamal pertHal tank c*cuii conuttmf of the 
inductor ID and capacitor 1C). 

A v ik art ot diod* may to* incorporated into tha tank 
circuit to provide a volt apt variable moot for the oacillator 
(VCO), Tha MC164J wm Oevyned for waa >n tha Motorola 
Phase locked Loop shown m Fifurt t. Th»t device may 
alto be used m many other appi*ca»iont tapyifinf a fmad 
or venebhr f *apuancy clock source of high spectral purity 
(Sea Fifura 7). 

Tha MCI MS may be oparata S from a *50 Vdc m*ppl\ 
o< * S 2 Vdc supply depending upon system rapwiramantt 


ncuftc t - circuit schematic 


fuaatv vottACt 

CwoeiNS 

suaatv atNj 
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t 7 vac 
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7, • 
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•0> (Cm* Mil. KK 


input • * *r tv* 

M« Aimym If C («•«•'*•* I »«uO«n*#* * 00 rt tv* 

o<w#«t«*n - too ww *,*/*•• ftova *«*•'¥> 

Mnwihtm Output l wiw < • )» M«| tv* 
































MCI 648 (continued) 



OPERATING CHARACTERISTICS 


Figure I illustrates the circuit schematic for tha MC1648. 
Th* oscillator incorporates positive feedback by coupling 
tha bait of transistor Q7 to tha collector of 08. An auto- 
matic gain control (AGC) is incorporatad to limit tha cur- 
rant through tha emitter -coupled pair of transistor* |Q7 
and Q8) and allow optimum frequency rtsponsa of tha 
oscillator. 

In ordar to maintain tha high 0 of tha oscillator, and pro- 
vida high spectral purity at tha output, a case ode transistor 
(Q4) is usad to uanslata from tha amittar fotlowar (05) to 
tha output differential pair Q2 and Q3. Q2 and Q3. in 
conjunction with output transistor 01, provida a highly 
buffarad output which produces a square wave. T ransistors 
Q10 thru 014 provide the bias drive for tha oscillator and 
output buffer. Figure 2 indicates tha high spectral punty 
of tha oscillator output (pm 3). 

Whan operating the oscillator in tha voltage controlled 
mode (Figure 4), >t should ba noted that tha cathode of 
tha varactor diode (0) should be biased a* least 2 Vbg 
above V£ £ (* 1 4 V for positive supply operation). 


FI GUM 4 - THI MCI OFCftATlNO IN THt V0LTA0I 
CONTROLLED MODE 



Whan the MCI 648 is used with a constant dc voltage 
to the varactor diode, tha output frequency will vary 
slightly because of internal noise. This variation is plottad 
versus operating frequency in Figure 5. 
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TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODI 
USING EXTERNAL VARACTOR DIODE AND COIL. T* - 2ft°C 

MURES 

















MCI 648 (continued) 


Typical characteristics for the oscillator in the 

voltaga controlled mod* art shown in Figure* 6, 7 and & 
Figures 6 and 8 show transfer characteristic* employing 
only i ha capacitance of fha varactor dtodt (plus# tha input 
capacitano* of tha otcillatot . 6 pF typical) Figure 7 illus- 
trates tha oscillator oparatmg in a voltaga controlled mod* 
with tha output frtouancy ranga limited. This is achiavad 
by adding a capacitor in parallel with tha tank circuit as 
shown Tha 1 kft resistor m Figures 6 and 7 is used to pro 
tact tha varactor diode during testing. It is not necessary 
as long as the oc input voltage docs not cause the diode to 
become forwaro biased The larger veiued resistor (St kO) 
in Figure 8 is required to provide isolation for the high- 
impedance functions of the two varactor diodes. 


The tunmg range of the oscillator in the voltage con 
trolled mode may be calculated as 

W* yepTmax) ♦ C$ 
y/Cp (mm) ♦ C$ 
t 

where f mift ■ — — - 

yt (Cp (mix) + C$1 

Cs ■ shunt capaciience (input plus external 
capacitance! 

Cq - varactor capacitance as a function of 
bias voltage 


Good RF and low frequency bypassing >» necessary on 
tha po*«r supply pms (see Figure 2). 

Capacitors (Cl and C? of Figura 4) should be used to 
bypass tha AGC point and tha VCO input (varactor 
diode), guaranteeing only dc (avals at these points. 

For output frequency operation between 1 MHz and SO 
MHz a 0.1 pF capacitor n sufficient for Cl and C? At 
higher frequencies, smaller values of capacitance should be 
used, at lower frequencies, larger values of capacitance. At 
higher frequencies the value of bypass capacitors depends 
directly upon the physical layout of tha system All by* 
passing should be as close to the package pms as possible 
to mmimize unwanted lead inductance. 

The peak-to peak swing of the tank circuit if set inter- 
nally by the AGC circuitry Since voltage swing of the 
tank circuit provides the drive for the output buffer, the 
AGC potential directly affects the output waveform if it 
is desired to have a sine wave at the output of the MCI 648. 
a senes resistor it tied from the AGC point to the most 
negative power potential (ground if *5 0 volt Supply is 
used, -5.2 volts if a negativa supply is used) as shown in 
Figure 10. 

At frequencies above 100 MHz typ, it may be necessary 
to increase the tank circuit peak to peak voltaga m order to 
maintain a square wave at the output of the MC1648 This 
is accomplished by tying a series resistor < 1 kii minimum) 
from the AGC to the most positive power potential (♦$ 0 
volts if a +5 0 volt supply <* used, ground if ,. -5.2 volt 
supply is used) Figure 1 1 illustrates this principle. 


APPLICATIONS INFORMATION 


The phase locked loop shown in Figure 9 illustrates the 
use of the MC 1648 as a voltage controlled oscillator The 
figure illustrates a frequency synthesizer useful m tuners 
for FM broadcast, general aviation, maritime and land 
mobile communications, amateur and CB receivers The 
system operates from a single *5 0 Vdc supply, and require* 
no internal translation, since all components are com 
patibi* 

Frequency generation of this type offers the advantages 
Of single crystal operation simple channel selection, and 
elimination of special circuitry to prevent harmonic lock 
up Additional features include dc digital switching (pref 


treble over RF switching with a multiple crystal system), 
and a broad range of lumng (up to 150 MHz. the range 
being set by the varactor diode) 

The output frequency of the synthesizer loop is deter 
mined by the reference frequency and the number program 
med at the programmable counter, f^, * Nf r# f. The 
channel spacing is equal to frequency (f re f) 

For additional information on applications and design* 
for phasa locked loops and digital frequency synthesizers, 
see Motorola Application Notes AN532A. AN 535. AN-553, 
AN 564 AN 594, or Phasa Locked Loop Systems Data 
Book 



PHASE-FREQUENCY 

DETECTOR 


MECL Phase-Locked Loop Components 


MC12040 • MC12540 


MOTOROLA 



ISSUE C 


The MC 1 2040/MCI 2540 it e phase -frequency de- 
tector intended for use in systems requiring zero phase 
and frequency difference at lock. In combination with 
e voltage controlled oscillator (such as the MCI 648), 
it is useful in a broad range of phase-locked loop 
applications. Operation of this device is very similar to 
that of Phase Detector £1 of the MC4044, A dis- 
cussion of the theory of operation and applications 
information is given on the MC4344/4044 data sheet. 


• Operating Frequency * 70 MHz Min. -55°to+125°C 



MC13040 - MCI 2540 

CERAMIC PACKAGE 
CASE 632 02 



MCI 2040 
f SUFFIX 

PLASTIC PACKAGE 
CASE 648 



V CC2 

NC 

5 

O 

NC 

V 

NC 


NC - No Conntction 



V C C1 ■ Ptn 1 
V CC 2 ■ 14 

V CC3 * p,n 7 



MCI 2040 • MCI 2540 


ELECTRICAL CHARACTERISTICS - MCI 2040 

The MCI 2040 hit bee n designed to meet the dc specifi* 
cetiont shown in tht ttst table after thermit equilibrium 
hit be«n estibiithed. Outputs ire tirminited through • 
50 ohm retittor to 0.0 V for +5 0 V tettt and through 
i 50 ohm retittor to -2.0 V for -5.2 V tettt. 



OUTPUT 

0 0 
x X X "x 
X X x x 
X X X X 
X X X X 

i o o T 

9 0 9 1 
loot 


0 1)0 
0 110 

0 110 

0 110 


X * Don't Coro 


TRUTH TABLE 

This it not strictly i functional 
truth table; i.a. # it doet not cover 
all possible modes of operation. 
However it give* a sufficient num- 
ber of tests to ensure that the de- 
vice will function properly in all 
modes of operation. 


TEST VOLTAGE VALUES 


Supply Voltage • -5.2V 


ChftracttfuTic 


to*»< Supply D**m Cu'ifCf 


'"(hit Curftnt 


loq-t » ‘ 

Output Voitjp* 


0 * 

Output VoM*t» 


Loq* "I" 

Th»#tho*d Volt#9# 


V|H mea 

V IL min 

VtMA mm 

v»la »h 

•0 840 
-0 810 

-1 870 
-1 850 

-1 145 
-1 105 

.1 490 
-1 475 

-o ?:o 

-1 830 

-1 045 ! 

-1 450 


TEST VOLTAGE APPLIED TO PlVt LISTED ilLOW 


V|H V|^ mm { ViMAw.nl V ILA mu 



Loqk: 0" 

Threshold Volt* 




Lu«< 0 

Output Von*** 


Trw^inotd Volume 


lo^*c n ’ 

Threshold VoU, 



































































MCI 2040 • MCI 2540 




AC TESTS 


To Scopa Channal A 


PRF ■ 6.0 mHi 

Duty Cyclo * BOH 

t* • t* • 1 J m t 0.2 nt 




NOTES: 

1. All input and output cablat to tha tcopa 
•ro aqual langtha o* 60 O coaxial cabta. 

2. Ungtfd input and outoutt art connactad 

to A 50 ft (MCI 2040) And 100 O (MCI 2540) 
raaittor to ground 

3. ThA dAvicA undac tAtt mutt bA pracondi* 
tionod bafora ptrlorming tha ac tAttt. 
Preconditioning mAV bA accomphahad by 
Applying pui»A ganarator 1 for a minimum 
of two oultat prior to putta ganarator 2. 
ThA dAvicA mutt ba praconditionad again 
whan inputt to pint 6 and 9 ara mtar- 
changad. Tha iama tachmqua applitt. 



Characiar 'the 

— 

Symbol 



MCI 2040 

MCI 2640 

Unit 

TEST VOlT AGES/WAVE FORMS 
APPLIED TO PINS LISTED BELOW 

o°c 

*25°C 

♦7S°C 

-65°C 

♦25°C 

♦125°C 

PulSA 
Gan 1 

PuitA 
Gan 2 

V E E 

-3 0 or -3 2 V 

V C C 
♦ 2 0 V 

1201 

Max 

Mai 

Mu 

Mu 

Man 

Propagation Dtiav 

’6*4* 

6 4 

B 

46 

4 6 

56 

4 6 

4 6 

50 

MM 

6 

9 

■ 



*6* 1 ?♦ 

6 12 

A 

60 

6 0 

72 

60 

60 

66 

U 

■ 

9 

6 

■ 

■ 

■ 

■ 


*60- 

6 3 

A 

4 5 

4 5 

55 

45 

4 5 

4 9 

9 

9 

6 

9 



■ 

9 


*60 1 - 

6 1 1 

B 

6 4 

64 

» 

7 

6 4 

64 

70 

9 

i 

9 

6 

■ 

■ 


9 


»9*i i ♦ 

9 1 1 

B 

4 6 

4 6 

56 

4 6 

4 6 

50 

9 

9 

9 

6 

BWi m 

■ 

■ 

9 


’90* 

93 

A 

6 0 

60 

72 

60 

60 


1 

9 

6 

9 


■ 




l 9*i 2' 

9 12 

A 

Eta 


55 




9 


9 

6 

9 .. 

' . Hi 

9 

9 


<9*4- 

94 

B 

1 21 


• 

7 



7 0 

9 

9 

6 

9 

| 1 

9 

m 

9' 

Output Rita T im* 

«3* 

3 

A 


MBEf 

3 8 

mim 

mrm 

3 8 

B9 

6 

9 




»<♦ 

4 

B 

m 

■ 

■ 

■ 



■ 

■ 

9flfl 

1 

■ 

■ 

6 

9 

■ 

■ 




Ml* 

n 


■ 

■ 

■ 






■■ 

1 

9 

| 

9 

6 






M?* 

12 

mSM 

m 

9 

■ 

■ 



■ 

■ 

mm 

♦ 

9 

9 

9 

6 

9H9 

99 



Output f an T im# 

! 3* 

3 


in 


38 

■n 

■ 

El 

mm 

6 

9 

H 


i 

14 


*4- 

4 

B 

■ 

■ 

■ 

■ 



m 

■ 

n 

n 

u 

■ 

6 

» 

1 

^9 




Ml. 

11 

B 


m 






■ 

mm 

■9 

9 

9 

9 



99 




M2- 

12 

A 

1 

■ 

■ 

■ 



■ 

■ 

u 

SB 

1 

1 

9 

mm 

■ 

9 


















































APPLICATIONS INFORMATION 


Tht MCI 2040/MCI 2540 it a logic network designed for uta Ota 
phase comparator for M£CL-compet>bla input signals. It dtttrminti 
the "lead** or 'lag'* phase rtlationthip and the timt diffartnca 
batwetn the feeding adgas of tht waveforms. Smct that* edges occur 
only onct par CyClt. tha dattctor hat a rang# of z 2w radiant. 

Operation of tha davica may bt iiluitrattd by assuming two 
waveforms. R and V (Figure 11, of tha same frequency but dif- 
fering in phata. If tha logic had established by past history that 
R was leading V. the U output of tha detector (pin 4) would pro- 
duce a positive pulse width equal to tha phase difference and the D 
output (pm 1 1 ) would simply remain low. 

On the other hand, it it also possible that V was leading R 
(Figure 11. giving rise to a positive pulse on the 0 output and a con- 
stant low level on the U output pm. Both outputs for the sample 
condition are valid tinea tha determination of lead or lag is daptn- 
dent on past edge crossing and initial conditions at start-up. A 
stable phase-locked loop will result from either condition. 

Phase error information is contained in the output duty cycle - 
that is. the ratio of tht Output pulse width to total period. By 
integrating or low-pass filtering the outputs of he detector and 
shifting the level to accommodate ECL swings, u„-^ie analog infor- 
mation for the voltage con troll ad oscillator can be developed. A 
circuit useful for this function is shown .m Figure 2 

Proper level shifting is acomplishtd by differentially driving the 
operational amplifier from the normally high outputs of the phase 


detector (0 and 5 ). Using this technique tha quiescent differentia 
voltage to tha operational amplifier is taro (assuming matched 'T 
(avals from tha phase detector). Tha 0 and 0 outputs art than usaf 
to past along pha^e information to the operational amplifier. Phan 
error summing is accomplished through rttistors Rl connected if 
the inputs of tha operational amplifier. Some R-C filtering tot 
bedded within the input network (Figure 2) may be very ben* 
ficiei since the very narrow correctional pulses of the MCI 2040 
MCI 2540 would not normally be integrated by the amplifier. Gentffl 
design guides for calculating Rl. R2. and C are included in thl 
MC4344/MC4044 data sheer Phase detector gam for this confif 
uration is approximately 0 16 volts/radian. 

System phase error stems from input offset voltage in the oper- 
ational amplifier, mismatching of nominally aqual resistors, a 
mismatching of phast dattctor ' high'' states between tha output! 
used for threshold setting and phata measuring. Alt these effect! 
are reflected in the gam constant. For example, a 16 mV o ff« 
set voltage in the amplifier would cause an error of 0 016/0.16 4 
0 1 radian or 5 7 degrees of error. Phase error can be trimmed to 
zero initially by trimmmg either input offset or one of the threshold! 
resistors (Rl in Figure 2). Phase error over temperature depend!] 
on how much th# offending parameters drift. 1 


FIGURE 1 - TIMING DIAGRAM 


" J 

_J L 


[" 

v 


1 

j 

Lead 

R Leads V P” 

(O Output ■ ”0 " ) j 



R 




V Lead! R ] j 

iU Output - •0 , ')L-r^ Lag - 

-4J 


[J 


FIGURE 2 - TYPICAL FILTER AND SUMMING NETWORK 
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Dual Voltaga Comparators 


Distinctive Characteristics 

• 8.0ns MAXIMUM PROPAGATION DELAY AT 6mV 
OVERDRIVE 

• Complementary ECL outputs 
e SOn line driving capability 


FUNCTIONAL DESCRIPTION 

The Am*S7 end Am687A art fast duet vetted* compaction eon* 
•true ted on a single silicon chip with «n advanced high-frepMancv 
proem. Tha circuit* feature very fthort prop f ition delays at moll 
at exceUam matching characteristics. Each comparator ha* after* 
#nt*al analog inputs and complementary tope output* compatible 
with most forms of ECL. Tha output currant capability * adequate 
for driving terminated SOn transmission lines Tht low input offset* 
and short dsiays m?ke that* comparators especially suitable for 
high-speed practsiri anaiog-to-d u< processing. 

Tht comptretor* art similar to th# AmttS high-spaed comparator 
but h#*a baan designed to optrats from a BV positive supply 
(instead of 8V), dissipating less power than two Am6S&'« Saparata 
latch functions art provided to allow each comot'ttoi to be mde* 
pandently used in a sample-hold mode The Latch Enab<« input* 
are intended to be 'driven from the complementary outputs of a 
standard ECL fate. If LE is HIGH and tl is LOW, the comptretor 
functions normally. When LE is driven LOW end Lc is driven HIGH, 
the comparator outputs ere locked in their emsting logic* i states. If 
the latch function is not used. LE must be connected to around. 


• 100% rtliebility assurance tatting in complianoav 
MIL-STD-883. 

• Electrically and optically intpactad dice for aaa a m t 
of hybrid product!. 

• Available in tha hermttic dual-in-line package. 


FUNCTIONAL DIAGRAM 
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ORDERING INFORMATION 


Part 

Package 

Temper etur* 

Order 

Number 

Type 

Range 

Number 

Am687A 

DIP 

-30*C to *85* C 

AM687ADL 

Am687A 

DIP 

-55* C to M25*C 

AM687ADM 

Am687 

OlP 

-3CTC to ♦ss'c 

AM687DL 

Am 68 ? 

DIP 

-55°C to 

AM68 7DM 

Am687 

Dice 

-30*00 *85° C 

AM687XL 

Am687 

Dice 

-55*C to M26*C 

AM687XM 


METALLIZATION AND 
FAD LAYOUT 


CONNECTION DIAGRAK 
Top View 


OK aiZf 0 OS* X 0 0*6 














AJtlMU ^ RATINGS (Above wfrtch the wifut 
Volt >9* 


S. uuly Volt 


ftnt *! »n put Voltage 
t C r* nt 

0 - uiion (Not# 2) 


lift may bt im paired) 

♦7 V Operating Temperature Ra 


Am6®7l. A 


Am6$7*M, Am687AM 


y storage Ttmgtrjtuft At 

30 mA Lead Temperature (Soldering, 60 Sec.) 

600 mW Minimum Operating Vo it *9* (V 4 to V“) 


Am 6 f 7 /ttf 7 A 


66 C to + 126 C 


tfCT CAL CHARACTERISTICS OVER 

CCh; 'tcriftics 

Parameter 


Vot 

1 Input Offset Voittft 

tv©» 

Avtrtft Ttmptrtturt CotfftCHHM 

Of Input Offset Voltage 


D 

I 


Inpul Offset Current 


Input l>u Currem 


Input Volltet Atn|t 


Common Moot Rti#ct»on Rett© 


Supply Volttft Rejection Atti© 


Output HIGH Voittft 


THE OPERATING TEMPERATURE RANGES (Unteu othtrwitt specified) 

Am€87A*L Am#l7A-M 

Am||7*t AmM7-M 

Condition! iN»t* 3) Mm. Mm. Mm. Max. Unit) 


n t < ioon.r A • n*c -30 *30 -30 t 2 .o mv 

A f <l 00 n -3 6 Ot -3 0 t 30 mV 


A, < toon I -10 I M0 I -10 I M0 I pvre 


76* C < T a < TA|mt«.) 
t A • Ulmm.l 


76 * C < T a < 1 

t a •TAtmtn.) 



A* < 100 fl. -3 3 « V CM < *7 7 V 


a s < 100 n, av* • t*% 


-0 960 

-0110 

-0 060 

-0 810 

-1 060 

-oa*o 

-1 100 

-0.970 

-OS90 

-0 700 

1 <0.860 

-0 620 


Vpv. Output LOW VoUtft 


* Po*n IV* Supply Current 


• Ntrfiitv* Supply Current 


*0>1S *Oi*tr 0illtp«t-on • 


tchir t Characteristics (V, n • lOOmV, V 0 j « 5 mV) 


• - rv . .... T Aimin ) % 7 a «* 76 C 

*M*. l^j- ^rootpttKV^ Diliy, Am«f 7A 

! ■ a * ^Almn.l 


M<Ta* 25 *C 


Froototitpn Ditty, AmU7 


Minimum Li ten S«(-up T*mt 


a ( mi* ) 


T a * 75 C 



2 > fit! it 9**w * C » 0 ' opatl'On it •mti'tnt tamp«'«tw'M ♦ 1 1 S*C 

3 vnifH oiht^u U>»c>t >id V* • *i ov V"*-* 2V V T • ~7 Ov infl * L - »on »m «-..«€*•»• cn«f ac If utKi «©r • tOOmV input *tip 

i"*iv ovrdnv* Th# u>f( iticiliOAt fn»ir* tpf V 0# l 0> . ip CMBi IVti *pd» i n ° tpp- tPP 1 * *n# '•«#• #nd «ir »S% iwPPW •P , «*p*i 

1 hi Amtl 7 mo A TA # * d**<fr>id to rn*«< yn a tp#« t*.«it iPnt §««*n .n m* tibia i»tr tn*»*r •< aquilibrium n« ti*n «itiOlt«nM noth • <r*n* 

•>» tlO«* O t SOU Lf PM O' 


|i 

performance curves 


! Propagation Delays ts a 

Propagation Dtlays as a 

Output Rita and Fall Ttmai 

1 Function of Input Ovtrdnvt 

Function of Ttmparatura 

as a Function of Ttmparatura 



h - ^tt h tt it m mi in 
TtMPtiitoftf - C . 


-S* -Vk b * rt it t» tt |Q» *JS 
t|Wit*AtU«t - C 
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2. TTL COMPONENT DATA 
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54/74 FAMILIES OF COMPATIBU m CIRCUITS 


PIN ASSIGNMENTS ( tOP VIEWS) 


OUADftUni IIHPUT 

HMMTIV8 HAHO OATH 

WITH OHIKOUICTOR tUTWI 



SHM9 I* SH740S U. N| 

SHMiOS IJ» Will*) W, HI 

4HML403 IJ, Wl tW>4tS04 U. Ht 
SHMC] U Wl SWT4SQA <J, HI 


NSXIHVCATIM 

04 


H(K iNVCHTf A* 

WITH ONfH-COlLICT0A oumm 


*.i* INVI ATf A lumfllDPtVtM 
WITH OMN COlLf CTO* 

H*2H VOLT AO* OUTPUT* 


>\ |i>i 

H^nimnlninyiir 

k* l* U N M H «ftb> 

SNR404 <J| SHT404 U, HI 

*Wft4H04IJf *H74H04U,Nt 

SHML04 |J» SH74L04 IJ. HI 

*N*4L|04 IJ Wl 5H74LS04 IJ. HI 
S WMI 0 4 IJ. W| IN7AIMIJ N) 




{>£*{> 




*Hfc40ft I J» IN 740* U , HI 

INHHM (J| IN MHO* U. Ht 

SNWIIH IJ W1 U. HI 

mum u wi *ht«so* u. hi 


t>* kf 
!« P>! 


SH*404<WI 
*H*4M04 IWt 
tH*4L*4 IT) 


M I* M« •**•«« 

Jv JTJ7 1 mjTUTl 



kj 

r<} 



tHViOt (Wl 
INMHOt (Wl 


If 

{> {> t> 


V - A 

IMHH4H 


|| {> O O !i 

“cOTr-'.reisra* 

•* tt I* |< |« P M* 

(H4404 U Wi SMT404 (J HI 


Texas Instruments 
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 



Texas Instruments 

iktUHPuH *UO 

PM* «**4I Ml Mil • MikM HIM 






64/74 FAMIUIS OF 


ouAMuni r mnr? 

NKJHVOtTAOI l*Tf MACS 
AOtmvlftAMO OAT IS 

21 


p — Hill *mtm 

"£ 

W»Mn 674 «n 4M 


TA1HI ) l«i»UT 
mtTlVIAMMOATU 

27 


pww m»i 

V* 




OUAORUStt * INTUT 
POSIT IVltoOA |UM| 

28 


pmm t«r* 

v. A^l 


Am pp a jo 


AINAUT 

KWTlVC MAAfPOATIS 

30 


V * AtCbtfQH 


l«Mp »• * 


m CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 



Texas Instruments 

I Nt Ot* »*0'* At i u 


•»#M Mi WII . *A»tA« ***** ***** 








64/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) , 


ouAonuru mwut 
POMTIVC 4 MMTU 


32 


Y • A+S 


»M 


iiy isr 
rei \£i 


SNMUli.W SN 743 J U, N) 
SNMU 32 (J. Wl SN 74 LS 32 U. Nt 
tNSOU U, W| SN 74 SJ 2 (J, Nl 


QUADRUPLE 2 -INPUT 

POSlTIVE-NOR SUPPERS 

WITH OP* l*COL LECTOR OUTPUTS 


33 


porttn* 
Y - AHi 




Sj^LfTL^UfUTL 

nSnSF 

r?i r?i 

WWW 


SN 9433 U. W| SN 7433 U. Nl 

SNS 4 LS 33 U, W 1 SN 74 LM 3 U. N| 


OUAORUPLE 2 -INPUT 
POSITIVE-NANO BUPFIRS 

37 


p —i tw # I opt: 
Y- AB 


SMHP S-20 


QUADRUPLE 2 - INPUT 
POSITIVE-NANO BUFFERS 
WITH OPEN-COLLECTOR OUTPUTS 

38 


»«ttnr»l9f*: 

> • Ai 


Sm ptm S -24 *n 4 B- 2 S 


Lk> 

.172 

fWi 

nsr 

"iJliniruninirLir 

V* T* W >* M IT «M* 

SN5437 U, W) SN7427 U. N| 

SNS4LS37 ( J, W) SN74LS37 (J, f 

SNS4S37 (J, Wt SN74S37 (J, Nl 


r 

sn 

o 

& 


t* « iv M n II S*Q 


INM 3 I U, W 1 SN 743 S (J. Nl 
$Nb 4 L $34 (J, W| SN 74 LS 3 S (J. Nl 
SN& 4 S 38 (J. W) SN 74 S 3 B U, N) 


1074 
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i^cokporatio 

AMT ***** «Ol Mil , MiLM THAI Hill 
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84/74 FAMILIES OF COMPATIBLE TTl CIRCUITS 



Texas Instruments 

I ON **ON tllO 
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64/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 



!•« Of t •*>'*» Oil p«f« 14 . 

* Thl| c*nf * HtmwW>. t**f l« If «*H A<M M*««t •»*•*> «* IA*«t**« I***'* 


Texas Instruments 

ikcohkom ai t o 

N*t «^CI 00« M<a » fr«4.w*t Mi«l Hill 
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84/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


DUAL J K NIOATIVI fDOC TAlOOIRBD PLIPPLOPt WITH PAItlT AND ClKAR 
112 

t 

1 

Ar5A 

FUNCTION TAIL! 

» « 



H M X X 1 Q 0 6 0 J 





QiQiqiDiOiDiOiOi 



N 

M 1 

L 

H 

L H 

St* '» W tP 4 

W *« M M 


H 

H i 

M 

N 

TOGGLE 

tNMLSUSU.Wt 

tN 74 LtntU.NI 


M 

N M 

X 

X 

O 

O 

iNinm (j, ini 

tN 74 tmu. N) 

SnmmLMmMSU 








SNUlSnJU.WI SN74LSU3 U. N) 
SN54S113 IJ. V¥) SN74S11JU. H) 


$4 i Mf I M * M 


DUAL JK nil OATIVf EDOf TRIGGERED pL»P rLO*S WITH PRISE T. COMMON CLEAR. AND COMMON CLOCK 

m vtc t* »« it I 

rr* m m r 


Functi on tabu 
Inputs ~ 


t* »« it »*• w> 

aaaan 



SNMLSU4 U.WI SN741S114U.NI 
SNS4S114 U. W) SN74S114U.NI 


W« NfH IM M4IM 


S*t «»pt*n»t> 4 »n of lu«»l.on t*M«« on J § 

II ntnlltVt tP.«t «t it *nll 


• t.«n ,« n»ntltbJ« tP.«t i| it ¥*.ll «Ot Dt'lill m*m*> D'*«*t • «<! «l«*r i*pvl« ’•%«»«* to !*>*.* <*#*.|i** (*•**) 


Texas Instruments 

ftOUrtttt At t o 

n>«t •»'<» 4 o « mu • mui tint 










Supply voJtapa, Vcc 

output cyrfpnl Iqh 

Low^yyl output cwfftnl, Iqi 

*4<« olrmor till Of Input puttc, *r/dt 

Input pufra w*t». y< tn | ___ 

tWninf nwtmci. R, M 

Eat«*ft*l t*m*n§ capyettanct, C* Mt 

" “ " ' " ] 

Duty eye** ! 


Ooaratint **— t it tamppfttur*. T A 


TYPES SN54121, SNB4L121, SN74121. SN74L121 
MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRI66ER INPUTS 










































TYPES SNS4121, SN54L121. SN74121. SN74LU1 
MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT TRIGGER INPUTS 


Programmable Output Pulse Width 

With R int . . . 35n>Typ 

With R fxt /C txt ... 40 ns to 23 Seconds 

Internet Compensation for Virtual 
Temperature Independence 

Jitter-Free Operation up to 90% 

Duty Cycle 

Inhibit Capability 


WNCTION TAILS 


twain . . . i on W PACKAOC 
INML1I1 ...JOR T PACKAOC 
tN?4121. SN74L1XI ...JOIN PACKAOI 



iM#tm 


OUTPUTS 

At 

A2 

• 

Q 6 

L 

X 

H 

L 

H 

X 

L 

H 

L 

H 

X 

X 

L 

L 

M 

H 

H 

X 

L 

H 

H 

* 

H 

n 

t_t 

i 

H 

H 

n 

xr 

l 

« 

H 

JX 

XT 

L 

X 

t 

XX 

XI 

X 

L 

t 

JX 

xr 



S-m ‘jrvctMV* tab*9 


NC-No intr net connect *on 
NOTSS S. An •M«rn*l ci 


* Of of tonetton 

tymOoU, tM PH* J-l. 


description 


An OMornof c«P*t>tOr r»v*y 99 c*nn«Ct*d N*n««n 
Coat *n<l h* M /C* M . 

2. To gM fnt*tno< »*m*nf connoci A^t 

19 V c c- For tmpro v*<l pula* Kcu'Kg and 

r«M*t9btHtv. cpnn#<i an •a(««n«l rMMor 

W 9»t ;C 9*t • ft ° V CC W »nt •99A<*f««l«9d. 


These multivibrators feature dual negative transitiontnggered inputs and a single positive- transition- triggered input 
which can be used as an inhibit input. Complementary output pulses a<e provided. 


Pulse triggering occurs at a particular voltage level and is not directly related to the transition time of the input pulse. 
Schmitt trigger input Circuitry (TTL hysteresis) lor the B input allows jitter tree triggering from inputs with transition 
rates as slow es 1 volt second, providing the circuit v*th an excellent no«s« immunity of typically 1.2 volts. A high 
immunity to Vqc no<sf of typically 1.5 volts is also provided by internal latching circuitry 

Once f»ted, the outputs are independent of further transitions of the inputs and are a function only of the timing 
components. Input pulses may be of any duration relative to the output pulse. Output pulse length may be varied from 
40 nanoseconds to 28 seconds by choosing appropriate timing components. With no external timing components 
be.. R, nt connected to V^C- Qxt Rext'Cent ©Pen). an output pulse of typically 30 or 35 nanoseconds is achieved 
which may be used as a dc triggered reset signal Output rise and fall times art TTl compatible and independent of 
pulse length 

Puli# width stability if achieved through internal compensation and is virtually independent of VCC and temperature, 
in most applications, pulse stability will only be limited by the accuracy of external timing components. 

Jitter tree oP«ration is maintained over the full temperature and V^C 'anges for more than six decades of timing 
capacitance (10 pF to 10 pF) and more than one decade of timing resistance (2 Aft to 30 AU for the 
5N54121/SN54L121 and 2 ktt to 40 ki2 tor the SN74121/SN74U2W. Throughout these ranges, pulse width is 
defined by the relationship tw(ocit) " Cext R T ,n 2 *0.7 C^xi^T In circuits v*iere pulse cutoff is not critical, timing 
capacitance up to 1000 and timing resistance as low as f 4 ktt may be used Also, the r-nge of jitter free output 
pulse widths i* extended it <» held to 5 volts and tree-air temperature »s 25“C. Duty cycles as h.gh as 90S lie 
achieved when using ma»imuti recommended Rt Higher duty cycles are available it a certain amount of pulse widt h 
jitter is allowed. 
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INI ON **<)** * f t 1> 
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TYPES SN54LS122, SNS4LS123, SN74LS122. SN74LS123 
RETRIGGERA81E MONOSTABLi MULTIVIBRATORS 


rtcomrrwndtd opMtin* conditions 



Supply voMof*. Vcc 


output cuttyot, I OH 


t o w lyvtl output CUffOftt, §Q 


Put** w*dtf». t M 


Catornai timing rtwittnct, R w 


Wutnj capocttaneo at tomutW 


Opwunf * f t t» r ttmportrut*. Ta 





V 0 M 

H»fto4#v*i output vDitapa 

V 0L 

Lowiauot output volt aft 


H»yh MMH input cu»f*nt 


loi*J»vf( mp«t current 


AOM<ifCuil Output cufront* 


Sucwy Current 

(«U*tKtnt Of U*fV»r«Pi 


* P«r ron«M<0«« pom m MIN ## M AX , uao «po r*pr**«* vo*u« «»«crtMO wOPO* rotowurionpap COnOitH 

S*lt typ*Ot vai uM 1% at V£ C • • V, t a • }A*C 

*Not m#r* th«n on* OoVut iMvk l toy m*fM at » »wvu *n<» Mutation •« m* afcOrwrrcwU *n»u»0 not «•»♦*# on* MM 
NOTES : ta. To nteui-t V OM at Q. V OL at S, «m m at Q. *r*onp A*«*/C«,t. apdv J V to I and coy. and Oulu 
ta. tNitto an Output* ooow and 4 I V p>l» < to at! Oata onto cNor input* Ice * "*oaawrod ***** * moo 
ooonoP to «ioa*. 

switching ch*r*ct»nstics. Vcc “ 6 V, Ta ■ 25*C, t — not* 14 


pahamitspI 


1 t* LH • prop***'!** #ai*v tun*. io»-taMp t*»y output 
¥nl * P**P 4 pi«*On #***v t"**o top* to- > ow *»* < Output 
V*o • *»*oto o« owita at output Q 
NOT* to toao rtrtuit *np volta#* n*vt*erm» *r* an*«vn on 


Texas Instruments 

isiOHfo* also 

*o*t o»«*c« on-. *11* . tv**.*.** raaaa nan 


















































TYPES SN54LS122. SN74LS122, SNS4LS123, SN74LS123 
RETRIGGERABIE MONOSTABLE MULTIVIBRATORS 


TYPICAL APPLICATION DATA FOR LS122, 'LS123 


Tha ba&ic output puli* width t> tstantially dam* 
mrntd by tha valuas of a*tarnal capaotanca and 
liming rasntanca. Por pulta widths whan C #K t < 
1000 pF. sat FiQura 7 . 

Whan C*^t > 1000 pF. tha output pulta mdth is 
d*hnad as; 


tw * 0.4$ * Rt • C fmt 


Ry is in Hft (intarnai o t anttrnal timing rauitanca.l 
C„ t •• « pF 

»« m nanosacondi 



ToC**, ToR M ,/C ta , 
Mmrnu ttmunp 


For bast rasults, systtm ground should ba appltad to 
tha Cm tarminal. Tha twitching dioda it not naadad 
for alectrolytic ctpacitanca app!ic«rion*. 


TIMINQ COMPOWCNT CONNf CTIONS 



LS122. ‘LSI 23 

TYPICAL OUTPUT PULSE WIDTH 

Yt 

EXTERNAL TIMING CAPACITANCE 



’ Th* »#(v# Ol fHXKM* *«c««(N IN# r*t#mm#N0#0 to* wt# #»»♦ 

IN# (Mil *#ng# Ol in# SNMLS uriuiii. 


Texas Instruments 

INI mO'IIM Alin 

0»»«£l » >■ Mil . »«|UI T|li« f|«|| 



TYPES SNS4122, SNS4123. SNS4L122. SNS4L123. SNS41S122. SN54LS123. 
SN74122, SN74123. SN74U22. SN74L123. SN74LS122. SN74LS123 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 


description {continued) 



••t**ooii» miM 

Am NmN 

n , 



P 1 


output q | 

“ f 

1 

j 

j 


w ^0UTPU» THTHOyT PtTBN HU* 


OUTPUT fMN CQttTftOt mNM MTPiOOl* Min 

— _n 


•J 


OWWt THTNOUl CUM 

, 


OOTfvr nail cOntkoi u*inq cit a* n#vr 
NOT ■ R*tr pm'M »*h*h ftp* 11^1 0 . J J C # „ Hn AMCMti 




PlQUAt 1-TVPICAL INPUT /OUTPUT PULSES 

schematics of inputs and outputs 

U 7 123 'L 133 . XlSSClgCUlU 


IQUIVALINT OP IACH INPUT 

TYPICAL OP ALL OUTPUTS 

r — 

— 

—jr 




t] 

r 

J- 


t 


Ciw .H©yt»ot U3. 123 

**,-2*0 NOM 

J* 

Olhv mown of '122. *123 

A*, - 4 xn NOM 

‘122 123 A -100 0 NOM 

C*«4» lAMitiOl *L1«. *Ll33 

A*, - 4 XO NOM 

L122. L123 A • 200 n NOM 

Otup* mpm 1.133. 1.133 

A„ • • XO NOM 
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*0*» 0»*<l Ml Mil . MUH MIU Hill 













TYPES SN54122, SN64123, SN54L122, SN64L123, SN54LS12Z, SN64LS123, 
SN74122. SN74123, SN74L122. SN74L123, SN74LS122. SN74LS123 
RETRIGGERABIE MONOSTABLE MULTIVIBRATORS 


D C Triggtmd from Acttv*Hipi or 
Active Low Oattd IoqIc Inputs 

Rttrtggtftbto for Vary Long Output 
PuIsm, Up to 100% Duty Cyda 

Overriding Claar Terminates Output Pulit 

Compensated lor Vqc and Tamparatura 
Variations 

*122, 'LI 22, 'LSI 22 Hava Internal 
Timing Resistors 


•m.LiaiLtm 
FUNCTION TAILS 


‘123. L123. 'Lfin 
FUNCTION TAILS 




iWS41 If, SNS4LS13I . . . J OM W 
SNft4Ll29 . . . J ON T 

SN74122. CNKLtaa. SNNtatB . . . 4 on N 
a OP V1SW) IMS NOTSS 1 THAU 41 


Bafilali 




ta#c: we function MAN 


NC-N# >*HO*woi cowAOCtiAW. 


SNf* 1 23. SNU LSI 23 ... 4 OA W 
S*»4Ltn...J 

BN74123. SN74L123. SN74LS1J3 ... 4 ON N 
ITOP VISWI ISIS NOTCS 1 THAU 41 


•■Mmiifii of furxtt** u&m o* pin 34. 


These d-C triggered multivibrators feature output I q ^“jl 

pulse width control by three methods. The tunc Q ''~rj 

pull* tirri is programmed by selection of tuterruM | *— n l - 

resistance and capacminct vatutt (see typical appUca- I I . . ■ " - ~ 

non data) Tha ‘122, 'L122, and XS122 have internal 1 1 Pf 1 M 1 PI 4 M >Tl~* M y tT*T 

timing resistors the t allow the circuits to be used with va ta t id 20 *j l ig,,/ CNO 

only an t* tarn* I cspacitor, if so dtnred. One* CLA C* B | C* M 

triggered, tha bane pulse width may be e* tended by ~ - - - -m.i -nr- n 

re triggering the gated low lev# J -act tve (A) or high. L - - - _ _ _ ****** _ 

level active (8) inputs. or be reduced by u» of th* 
overriding clear. Figure 1 illustrates put** control by 
ratngganng and early claar. 

Th# XS122 and 'LS123 are provided enough Schmitt 
hysteresis to enture jitter. fret triggering from the 8 
input with transition rates as slow as 0.1 millivolt per 

nanosecond. 

ft 1. Aw imwecuicilfr mm 4# inwyiW WW W w C # ,( in* l»wtwtl. 

1. T* vm tr*« miamai mm«« »r ‘»2J. *Li22 •* ‘llltl. te ^CC- 

3. Fw wn*r***<f »uJm wwetn *«cw tmf vU '—• « ta n tf itv. cewn •* *••**«•< nMte Sti ww •"* Vcc •***» 

•oen^ncuM*!. 

4. To •atoin *opmVM« ***** mm *. (*mwi ** •iwiwl «vuW mmevi >h»m* *, m * •*# Vcc- 
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Am25LS1 38 • Am54LS/74LS138 

S*Um To S*Un* DMOdM/DMnuWptwnr 


OMTINCTIVI CHAM ACTI RtSTtCS 

9 tocMt inputt 

• AmHLS devices offer the following tmprow mi n ti awr 
Amft4/74tS 

• Hi^nf ipMd 

- IQmV lower Vql 

- Tenet dw ftnpvt over military rang* 

- 440p A source conant 

• 100% product tseurenct screening to MH STD BB3 
rvpuiftfMnty 


FUNCTIONAL DtSCfUFTION 

The Am25LS130 ts • 3-kne to $-ime decoder /demultiplexer 
fabricated using adva nc ed Low Pow er Schott ky technology. 
The decoder h#« thro* buffered Mltct inputs A. B end C 
that ere decoded to on* of tight Y outputs. 

On* sett**- HIGH end two active- LOW enebies C*n b* ut*d 
for gating tht decoder or con bt used with incoming data 
for demuittplextng applications. Whan tht tnablt input 
function is in tht disable statt. all tight V outputs art HIGH 
rtgaidltts of tht A, 8 and C stitet inputs. 

Tht Amft4LS/74L$13B it a standard performance version 
of tht Am26L$l3ft. Set appropriate e lec tr ic a l characteristic 
tables for detailed AmTSLS improvements. 


CONNECTION DIAGRAM 
Top View 










Am28LS/MLS/74LS1M 

ELECTRICAL CHARACTERISTICS Am2»LS1M 

I !»• rWlpPMnj WKWiHnH nppf vflWH UlnffWlI «PVPTHM« 

comx T A *o > CM«nrc vcc • iov 1 o% «MM,*4.nv max«i.»vi 

MIL T A . ^rCt.MWC Vcc • SOV I 10* IMIN. «4J0V MAX. • MOV) 

DC CHARACTERISTICS OVER OPERATING RANGE Ty ^ 

NiwM ifi O tM H tti n Tim C p p O amu Am » Mm. w*t« 2) Mm IM*M 


VOM 

Output HIGH vpttoge 

Vcc * MIN.. Iqh • -Mflb A 
V|N * V|H •» V it 

MIL 

M 



VMM 

COML 

a? 

14 


voc 

Output LOW VoNage 

vcc * ***• 

V|N* V, M o* V, t 

lot • 4mA 

* 


04 

VMM 

lOt * 6mA 



6.46 

V»H 

Input HIGH Lorti 

Guarantee* mput «pf*ee« high 
rtHaye for an inputs 

JO 



Vptte 

V t L 

input LOW Lertt 

Guar en tee* mput legrce* COAT 
voltage »or a« mputs 

MIL 



6.T 

vpm 

COM^ 



0.6 

V| 

input Oamp VpHagt 

VCC • MIN.. l |Vf n- 1«mA 



-M 

Vatti 

•lL 

Input LOW Current 

Vcc -MA * * VIH-0.6V 

i 

i 


-0J6 

mA 

•»H 

Input HIGH Current 

Vcc * max. V IN - MV 



ao 

pA 

h 

input HIGH Current 

vcc * max . V, N * 7 OV 

1 


0.4 

mA 

*6C 

Output SA«rt Cucurl Current 
(Note 3) 

Vcc • MAX. 

- IS 


-6S 

mA 

*CC 

Power Supply Current 

V C C • max (Note 41 


• 1 

to 

mA j 


ELECTRICAL CHARACTERISTICS Am54LS/74LS138 

Th« Follow trig Condition* Apply Union Otherwise Specified: 

COMX T A • O^C l« *70*0 Vcc-* 0V«i% {MIN • 4 7SV MAX • ft 28V» 

mil t a - -%»*c »• *i»*c vcc**oviio% <min -4.60V max -ssovi 

DC CHARACTERISTICS OVER OPERATING RANGE T 

hfurnttfi Oetcnptton Test Conditions iNote i i Mm Won Ji Mml Uwn 


Vqh 

Output HIGH Vat tap* 

Vcc • M,N • 'OH • -40CUA 

V|N • V, M or V, L 

MIL 

26 

34 


VMM 

COM L 

J 7 

34 


VOL 

Output LOW V allege 

VcC * MIN AH. » 0 L ■ 4mA 



04 

Vpttl 

Vin * Vino* V, L * 74LSon»y.lOL # * mA 



06 

Vm 

Input HIGH Level 

Gua<entae* input togxH HIGH 
voMeo* tor *H mputt 

ao 



Vpht 

Vlt 

Input LOW Level 

Guaranteed mput logical LOW 
wntt#e* to* #H mputi 

[mil 



0 7 

vpin 

COM L 



06 

V| 

input Clamp Voitege 

V CC * M,f<l *tN 4 * ISmA 



-4.6 

v«i» 

•IL 

Input LOW Current 

Vcc • MAX . V, N -04V 



1 

-0 34 

mA 

t.M 

Input HIGH Current 

V C C • MAM ■ V IN * J ? V 



ao 

pA 

•i 

Input HIGH Current 

V CC *MAX,V |N *7 0V 


0.4 

mA 

•sc 

Output Snort Cricwrt Current 
INote 31 

V CC * MAX j - 1 * 


- 6 S 

mA 

[ Ice ! ^oraer Supply Currant 

V CC “ MAX (Note 4| 

43 

10 

mA 


N«IM I *•' me*** M Mi N •> WA A vM i*** K>P‘ *P' *l>v« t '•*!»*€•< L. *#»#* «•*>»«•<• IN 4e**e <fM 

1 Ty**ai im.,t» r« •« v cc • I ® V Jt'c e*e ««ii*nyn (*#*.** 

3 N«t nu>* ia#a ena iNyK ba **»•< »au at a t.w*a Owiioa IN c>rtu>i mi *neute apt ntattf tar a* a 

4 Owtpuf »»#»♦#« >»E eaa* 


MAXIMUM RATINGS {Abort tvhtch the useful lift may bo impaled) 

Sip* ago Ttm ptmun 

Temper a tuff {AmtutflU Under Bat 

Supply Voltage to Ground Potent, al {Pm 16 to P«n 8) Continuous 
0C Volt ago A pplied to O utputs tot HIGH Output Stato 

QC Input V oltage 

DC Output Current, Into Output! 

DC Input Current 


-65*c_tooscrc 

-S6* Cto«1?5*C 

-0,6V 10 •7.0 V 

-0 5V to *VCC ma» 
-G6vTo* 7~ 3V 

30mA 

- t: nA to *6 0mA 




Am25LS1 53 • Am54LS/74LS1 53 
Am25LS253 • Am54LS/74LS253 

Dual 4-Una To 1*Uno Oita tataotOfa/ Mutttptanax 


OtITINCTIVt CHAftACTKftirrtCS 

• NftiffM atrial to poiilii convotio^ 

• Stand** . LSI S3, and 'LS253, output utniom 

• Am2SLS d awcat oWtf tha foHowtnf Wnprowamorm over 
AmM/74tt 

-Hifhar tpaad 

- fiOmV lowtr Vql 

- Tunc* tha fanout ovtr military ranpa 

- 44Q|m A tourct currant 

• 100% product atturanot towtant to MIL-STD4B3 
oomwwm 


FUNCTIONAL DCBCRIFTtON 

Thaaa dual four-input mutuptanar* proved* tha d*f»tal 
ao uw tf am of • tw o p d i, four portion toitdi with tha path 

won TO POTn HflHIiO Ifi Wf TO# VO|W WOfl tWPPMOO TO 

tha ptict Inputt A and B. Cach tact ton of tha Am 25 LSI 43 
ha* a Mparata act hra- COW a n aP t a UtroOa) Input that f oro al 
tha output of that taction LOW whan a HIGH lava* % 
applied r apar d lt t t of tha othar inpun. 

Tha Am2SLS253 faaturat a three-itete output to mm- 
fact with tout-orfanltad tytttmt. Cach techon of tha 
Am2SL$2$3 hat a separata active- LOW output co nt ro l 
that d da btat tha output driver (htph^mpadanca tttta) of 
that taction whan a HIGH lope level it applied rap a rdta a i 

or to# OTO#f npwo. 

Tha AmS4LS/74LSli3 and 253 art ttandard performance 
verxont of the Am2SLSl Bland 253. Saa tppropriaia ata cirl - 
cai characteristic tablet for dataiiad Am 2SLS improvements' 
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Am»LS/B4U/?4lS1SJ/»J 


**411/74111(3 • Am64LS/74ll283 
(UCTRICAL CHARACTERISTICS 

Hu f » n rr : r| ' , i~ ,J i‘ — UwHw 0*m "r— 1 -* 

|yn T* •«rcw*nfc Vcc * »0V l »% MAX. -»3»V1 

M T A « -H*C M M2f*C V C C • IjOV l 10* (MM • «HV MAX • MOV) 

OC CHARACTERISTICS OVER OPCRATING RAMOS 

Ijimiwrc T«hCm4Mmm«imm it MM. Tyo-ix— «|i Mw. IW* 


VON 

Output HIGH VMttp 

04UIU 

Vcc * MIN.. 
V»**V W 04V lt 

*©H* -AOOpP 


24 


VPN* 

MU1U 

aa 

_j_ »• 


NLIH) 

tOM •-»<"* 1 

14 

24 



C5KBEZ3H0 

24 

22 


*0L 

Output LOW VPfttp* 


■ H 

■ 

04 

VPNS 

IfllCSZEfllZJ 



0» 

I *M 

Input H»OH IHH 


a 


■■ 

VPNS 

i Vo, 

Input LOW L*v*4 

Gu#r*nt**0 mput ippisai LOW* 

«Pt4p fpf pH *puU 

MU 



— gw 

VPN* 

dffl 

■■MB 


wmrhm 

1 V, 

input C»w» VoHppi 

Vec • MAJt.. V,* • -11mA 




VPN* 

At 

Input LOW C**rtm 

V££ • MAX . V| M • 04V 



b a 

mA 

*m 

Input HIGH CwffWfM 

VcC * MAX.. V| N - 2?V 



20 

pA 

•t 

input MiCM Cyrrom 

v C c • *vak . V| W • rov 

n 


0.1 

mA 

Ha 

Off *l#w (HiQH t*ipi«*nc*l 
Output Current 
AmMLS ?«LSn3 0«*r 

V CC »MAX 

vo * a 4v 

■ I 


20 

PA 

Vo* 04V 



-20 

•k 


v cc * MAX. 



-It 


-100 

mA 

*cc 

*— * Supply Cutrpm 

v cc * MA * 

I Nut* 41 

U1U 


02 

10 

niA 

U202 


L 

»2 



* MH | 1 ##» iMMfi M MIN p* MAX wM «*• Mpf***'*** wft#*r f C4M4Cl«*«ti(« *VP« 

I T Mf • V CC * * 0 v . 20*C •«* ««*•««« 

9 N*t #*•*« to*** **«* to* **•»»* *4 • «*rn# Ow*m** •* «# A#rl MH I44«li HMIUW4 #<M Mf4«4 

0 »cc '7 w< m w h 4 «-«*♦» *" aut^n hm* *«• «*pun |**wa4*4 


Ant 25 LS 1 S3/S4 LS 1 S3 
SWITCHING CHARACTERISTICS 


IT* • *25 C. Vcc * 8 0VI 
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toamptpn 

DfttfpllM 

Mm, Typ. 

Mix, 

Mm. 

Typ. • 

Max. 

Umt* 

Tt»l C^ndHPRI 

; 'ri* 

0«U to Output 

■MORI 



10 ! 

is 



^ — 

■HOI 



jl_L 

20 
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IS 

?s 


It 1 

2t 


C L * 1»P» 

__fPH k 

S*t*cl t* Output 

1 is 

23 


30 


* L • 2 0A11 

r Vlh 

St'otw ic Output 

l« 1 

24 


r - !i - 4- 

24 



LH 

I— 1 ! 1 

IS 


L 

32 

A4 



Am25LS153 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

tnixntm DmcwiIm 

A m2 Oil COM'L 

A m2Stt WML 

Unit* T«it Condition* 

X A - 0X to - 70X 

v c - * sov *»% 

M - Mil 

17 - -sox to *>tasx 

V cc - » 0V ;tOO 
MiR Mu 


Ota tp Output 


24 


2T 

a 


L. «A«i ■ 


n 


29 

_*IN 

Sttpct to Output 


42 


40 


p«PHl 1 


24 

■ H 

20 

. **N 

Strptos to Output 


20 


41 

a 



20 


32 


**C **< Ipomp*-^* O*#* tA# «p»**t<A f MM S M toH fftftp* 4 yu*'»m««4 py IMIAf 0*4 «W0 t* Of mm* A. || *»4 MS 0 





















































































Am25LS1 57 • Am54LS/74LS1 57 
Am25LS1 58 • Am54LS/74LS1 58 

Ouadruplo 2-Lln« To 1*Uno Data Salactora/Multiplaxara 


DISTINCTIVE CHARACTERISTICS 

FUNCTIONAL DESCRIPTION 

• Selects four of eight data inputi with tingle select line end 

These date selectors/multi plexers are used to select a 4-bit 

overriding strobe 

word from one of two tourcet. The four outputs at the 

• Inverting 'LSI 58 end Non-inverting ’LSI 67 configurations 

Am25LS157 present true data with respect to the input 

e Standard TTL outputs 

data. The four outputs of the Am25LSl58 present inverted 

• Am25LS devices offer the following improvements over 

date with respect to the inputs and also minimite propaga- 

AmS4/74LS 

tion delay. A common active-HIGH strobe (active- LOW 

-Higher speed 

enable) is provided on all devices. 

- 50m V lower Vol 

- Twice the fervout over military range 

- 440^A source current at HIGH output 

• 100% product assurance screening to Ml L-STD-883 
requirements 

A single select line. S. is used to select one uf the two 
multiplexer input words. When the select is LOW. the A 
input word is present at the output. When the select is 
HIGH, the 8 input word is present at the output. 

The Am54LS/74LSl57 and 158 are standard performance | 

versions of the Am 25 LSI 57 and 158. See appropriate electrical ( 

characteristic tables for detailed Am25L$ improvements. I 



CONNECTION DIAGRAMS 
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Am 2 SlS/S 4 LS/ 74 LS 167 / 15 i 


jyB 25 tS 157 • Am 2 SLS 158 
flCCTRICAt CHARACTERISTICS 

Conditions Apply Units* Otherwise Specified: 

T A '0Cto*?0C V C C " BOV t S% IMIN.-4 76V MAX, * 8.25V) 

M T A - -55 C to ♦1» , C Vcc w »OVtlO% (MIN. -4.60V MAX. • 1.60V) 

OC CHARACTERISTICS OVER OPERATING RANGE 

gupmttn Description Tmk Condition* <n*« it 


V C C • MIN., I OH * 44 0 m A 
V|N-V| H or V, L | COM‘L 


|QL ■ 4mA 


6mA 


Goaramood input logical HIGH 
voltage to r til input! 


Output HIGH Voltage 


Input LOW Level 


input LOW Current 


Input HIGH Currtnt 


Input HIGH Currtnt 


Output Short Cr.uit Current 
(Note 31 


Nwif Supply Currtnt 


Vcc-MIN.. I|H * -18mA 


V CC “ MAX.. V t * -0.4V 


Vcc*MAX.. V, N -2.7V 


V C C ■ MAX.. V| N - 7.0V 


V CC - MAX. 


Vcc • MAX. I LS157 
(Note 4) 


Min. Typ.iN=»t ai Max. 



t fo* condition! mown at MIN Of MAX.. use the appropriate value specified under Electrical Characteristic* fp* the applicable de-ice typo. 
J tyo.cn l.mit* it V^C “ 6 0V, 2S“C ambient and maximum loading 

3 hoi mor* th«n on# output should M tnoMed at a tun* Duration ot tn# «hort circuit tott should not aaceed on# wcond. 

4 ' CC '• maaturod with alt output* open and 4 ft V applied to ah input*. 


Am54LS/74LS157 • Am54LS/74LS158 
ELECTRICAL CHARACTERISTICS 

Th# Following Condition! Apply Unless Otherwise Specified: 

COW c T a - O'C to ♦70*C VcC’S° Vl ^* (MlN - 4 75V MAX. • 5 25V) 

HtL T a - ^5f c c to rlJS'C V c c-50V‘10\ (MIN-4 50V MAX • 5 SOV) 

OC CHARACTERISTICS OVER OPERATING RANGE 


Parameter* 


Deicription 


Output HIGH Voltage 


Test Conditions (Not* ti 


V C C - Min.. Joh - —400** A Am54LS 
V IN “ V| H or V 1L Am74LS 


V C C • MIN. | A ll. l OL » 4mA 

V IN * V|M or Vj|_ |T4 lS only, Iq m • 6mA 
Guoimred input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW AmS4j.S 
v oltog* f or alt input* Am74LS 

V C C * MIN . I )N * -tfimA 



Typ.(Noi*2t Max. 



!■ 4pf condition* shown at MiN. or MAX uM fh# appropriate value *oec it <ed unoer (iectricei Chares t*ri*t»<* for the epptic*0l* device type 
7 T ypicet limit* ore at ^ CC "60V. 25 C tmo.rit and me* .mum load.Mf 

3 Not mpro then one Output should be thorted at a time Duration ot the short circuit to«t should not aaceed on* second 

4 t£c '* moMurod with all outputs open and 4 6 V applied to *u input*. 




































































Am25LS1 60A/1 61 A/1 62A/1 63A 
Am54LS/74LS1 60A/1 61 A/1 62A/1 63A 

Synchronous Four-Bit Counters 


DISTINCTIVE CHARACTERISTICS 

• Synchronous presettable counters 

• Decade CLS16GA and 'LSIUAI and binary (X$l61Aand 
LSI S3 A) countart 

• Asynchronous (’LS160A and 'LS161A) and synchronous 
CLS162A and XS163A) clear inputs 

• Am25LS daviett offer tht tol Sowing improvements over 
AmS4/74LS 

* Higher speed 

- 50m V lower V<)L 

- Twice the fan-out over military range 

- 44QmA source current 

• 100% product assurance screening to M I L-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 

The Am25lSl60A, Am25LS161A. Am25LS162A and 
Am25LSl53A synchronous, presettable counters have inter- 
nal look ahead carry and ripple carry output for high-speed 
counting applications. Tht Am25LS160A and Am25LS182A 
art decade counters and the Am25LS1 61 A and Am25LS1 63A 
arc 4-txt binary countars. Counting or loading occurs on tha 
positive transition of tha clock pulsa. A LOW level on the 
load input causes the data on the A. B. C and D inputs to bt 
shifted to the appropriate Q outputs on the next positive 
clock transition. The load need meet only the set-up and 
hold time requirements with respect to the clock. 

The Am25L$160A and tha Am2SL$161A feature an asyn- 
chronous clear. A LOW level at the clear input sets the Q 
outputs LOW regardless of the other inputs. The Am2SLS 
162A and Am25LSM>3A have a synchronous dear. A LOW 
level at the clear input sets the 0 outputs LOW after the next 
positive clock transition regardless of the enable inputs. 

Both count-enable inputs P and T must ba HIGH to count. 
Count enable T is included m the ripple carry output gate for 
cascading connection The enable P or T inputs need meet 
only the set up and hold time requirements with respect to 
the clock. 

The Am54LS/74LSl60A senes are standard performance 
versions of the Am25LS16QA senes counters. See appro- 
priate electrical characteristic tebies for detailed Am25LS 
improvements. 


LOGIC DIAGRAMS 


Am26LS160A Synchronous Deca de I 

- - ^ 



Am25LS162A synchronous decade counters arc Similar; how 
aver, the clear it synchronous at shown for tha Am2$LSl63A 
binary counters. 


Am25L$163A Synchronous Binary Countar 
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Am2$LS161A synchronous binary counters are similar; how 
ever, the dear is asynchronous as shown for tha Am25LSl60A 
decade counters. 


CONNECTION DIAGRAM 
Top View 
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Am2SLS/54LS/74LS160A/161A/162A/163A 
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Am25LS160A, 161A, 162 A and 163A 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

CQM'L Ta * 0 C (0 OO’C V CC • 6 0V * 5% IMIN. • 4.75V MAX. • 5.25V) 

Wll T A - -55 ’CioH25'C V cc -5 0 Vi10% IMIN. * 4 50V MAX. - 5 50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Net* n Min. Typ.<Note2i Max. Units 


: voh 

Output HIGH Voltage 

Vcc * MIN.. IoH • -440*iA 

V|N-V, H orV, L 

MIL 

2.6 

34 


Volts 

COM'L 

2.7 

34 


VOL 

Output LOW Voltage 

Vcc * MIN. 

V(N - V, H Of V )L 

>OL * 4 0mA 


, 0 25 

~o7~ 

VtMti 

IQL * 8 0mA 


0.35 


^ViM 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all input* 

2.0 



Volts 

V, L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM! 



08 

V| 

Input Clamp Voltage 

Vcc * MIN .. I|N " -18mA 



-15 

Volts 

j i.t 

Input LOW Current 

Vcc “ MAX.. V (N -04V 

A. B, C. D. EN P.CP 



-0.4 

mA 

Loed. EN T 



-08 

Clear 160A. 161A 



-0 4 

Clear 162A, 163A 



-04 




A. B. C. D, EN P. CP 



20 

B 




40 

Clear 160A. '161A 



20 

r Clear 162A. 163A 

i 


20 

i 

1 l| | Input HIGH Current ! V C C • VAX . V| N - 7.0V 

i ! 

A B, C. D, EN P. CP 



0.1 

mA 

Load, EN T 



0.2 

Clear 160A. 161A 



0.1 

Clear 162A. 163A 



0 1 

‘sc 

k 

Output Short Circuit Current 
(Note 3> 

Vcc - max. 

-15 


-85 

mA 

, Power Supply Current t 

*CCH ; All Output* HIGH ! Vcc" M AX {Note 4i 

— 1 

i 

1 

18 

31 

mA 

•CCL | row.. Supply CU...AI ; v cc -MAX INOI.5I 

i All Output* LOW i ^ 

1 

1 

i 

19 


mA 


**l*v 1. for condition* tho«wn a* MiN or MAX uu th* »Dp(Oo"ii« value loacifiad undtr Electrical Characteristic* to' iha appiicabi* etvci type 
2. Typical l»mit» ara at -50V. ;5“c imtMtnt and rnj*,mum loading 

3 Not mora than on# output thould t>* monad at a f-ma Duration o* th# *hoM circuit tatt should not eacaed on* tacond 

4. ’ccm '• rnaaturad with ma load input HIGH than ifnn with tha load input LOW with all Oth«r input* high and all output* oo*n 

5. >CCL *• rnaa*ur#a with tha ciocfe input HIGH, than again with ma clock input LOW. with all othar input* LOW and an outouti opan 



maximum ratings (Above which the useful life may be impaired) 


Storage Temperature 

-65 C to +150*C 

Temperature (Ambient) Under Bias 

-55°C to +I25”C 

5upply Voltage to Giound Potential (Pm 16 to Pm 8) Continuous 

-0.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State 

-0 5 V to ♦ Vcc max - 

DC Input Voltage 

-0 5V to + 7 0V 

DC Output Current. Into Outputs 

30 mA 

DC Input Current 

-30 m A to *5 0 mA 

























Am 25 LS 1 64 • Am 54 LS/ 74 LS 1 64 

8-Bit Sarial-ln, Parall*l-Out Shift Ragiatar 


* 


DISTINCTIVE CHARACTERISTICS 

• Gated serial inputs 

• Asynchronous clear 

• Am25LS devices offer the following improvements ewer 
Am54/74LS 

* Higher speed 

- 50m V lower Vql *OL * 8mA 

- Twice the fen-out over military range 

- 440m A source current at HIGH output 

• 100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 

The Am?5L$164 «nd Am54LS/74LS164 are eight-bit. serial 
in/parallel out shift registers built using advanced Low-Power 
Schottky processing. A gated input provides enable/diseble 
control over incoming data such that the data can be entered 
or logic teros can be entered mto the register. 

An asynchronous dear input can be used to simultaneously 
clear the eight flip-flops m the device. Wher. the clear input is 
LOW. all internal flip-flops are forced LOW independent of 
the clock input. An incoming data bit is entered into the Q § 
flip flop and the data m all internal flip-flops is shifted right on 
the LOW to-HlGH transition of the clock input. 

The Am54LS/74LS164 is a standard performance version of 
the Am25LSl64 See appropriate electrical characteristic tablet 
for detailed Am25LS improvements. 


LOGIC DIAGRAM 
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CONNECTION DIAGRAM 
Top View 
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Aro25LS/54LS/74LS164 

Am25LS164 

ELECTRICAL CHARACTERISTICS 

The Following Condition* Apply Unlni Othcrwis* Specified: 


COM’L T A • 0*C to 470*C V cc «*.0Vt*% MIN-4.1SV MAX - 5 35 V 

MIL T A - -S»*C to *m # C V C C*».9VM0% MIN • 4 MV MAX. -5 MV 

DC CHARACTER ISTICS OVER OPERATING RANGE T V p. 

Par*m«ttn Description Test Conditions « Not* it Min. (Not* j> Max. Units 

Vqm 

Output HIGH Voltage 

V CC • MIN.. IQH • -440mA 
v lN “ V| H Of V|L 

MIL 

25 

34 


vatu 

COM'L 

27 

3.4 


VQL 

Output LOW Voltage 

V CC • MIN. 
V t N*V| M Of V IL 

'OL " 4 0mA 


0.25 

04 

Volta 

Iql ■ 8.0mA 


0.35 

0 46 

V|M 

Input HIGH Lewi 

Guaranteed input logical HIGH 
voltage for all mputi 

2.0 



D 

VlL 

Input LOW Level 

.. 

Guaranteed input logical LOW 
voltage tor all inputs 

MIL 



0.7 

Von* 

coml 



08 

m 

Input Clamp Voltage 

Vcc ■ MIN., I, N • —18mA 



-1.5 

Volta 

m 

Input LOW Current 

V CC . MAX. V 1N - 0,4 V 

Clock. Clear j 

I -036 

mA 

A. B | 1 

—0 4 

»|H 

Input HIGH Current | Vqq * MAX., Vjj^ ■ 2.7V i 



20 


»l 

Input HIGH Current ! Vqc “ MA * V IN * 7 0V 



0.1 

mA 
mA 
mA | 

Uc 

Output Short CircJit Current 
(Note 3) 

V C C * MAX 

-15 


-85 

*cc 

Power Supply Current 
(Note 4) 

v cc " max 


16 

27 


NOIM » ^O'COnO'liOni ihOwnHMlN or MAX uw ih* ipO'OO'ilK «|lu* ipK *iM unOff Eltctntdl C*i«UCUr>lt<CI *0' IPDI'CADK 0«v<C« tVlM 
3 Typical iim.i* «'• »\ V c j • SOv, 25' C loed.ng 

3 Net more men on* output inou*a {>• thorted et e time Ou'ei’On o* m* iho't c> f ct..t mi mould not ence*d one tecond 

4 Meetured with output* open tenet input* t'o^axi. eno e mpmtmry g»ouno men 4 Sv eooi>ed to the eiee' inp w t 


Am25LS • Am54LS/74LS 

MAXIMUM RATINGS (Above which me useful life may be impaired) 


Stonge Temperature 


-65 J C to *150 C 


Temperature (Ambient) Under Bias 


-55°C to ‘125'C 


Supply Voltage to Ground Potential Continuous 


—0.5 V to «7.0V 


OC Voltage Applied to Outputs for High Output State 
OC Input Voltage 


-0-6Vto+V cc ma* 


—0.5 V to +7.0^ • 


DC Output C urrent. Into Outputs 
OC Input Current 


30 * 1 ^ 


-30mA to *5 0m* 


DEFINITION OF FUNCTIONAL TERMS 

A. B The ser.a' inputs to the dev ce If either Th. A rput 
is LOW or the B input is LOW. the Qa^'P tiopwM be 
set LOW on the lOW-to-HIGH transition of the cioc* 

Dear An asynchronous master reset for the eight Hip * cpS 
m the device When the clear np u t is LOW, all 
inte f nji flip tioDS are set LOW independent of the 

ClOCk 

Qa°h The eight true Outputs o* the eight-b-t register 

Dock The clock input to the register Data is entered mto 
the register on the LOW to HIGH transition o* the 
clock input 


Metalhtaiton and Pad Layout 



OiE SIZE 0066 ' X 0 090' 
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TYPES SN5416S. SNS4LS166. SN7416S. SN74LS165 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 



typical shift, load, and inhibit sequent** 

^JTJTJTJTnJTJTJT^ 


Cittl 


*—• * kM 


•*» c 




■::.t 



i 1 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc liee Not# t) 7 V 

Input V 01 tage SN&4I65. SN74I6S 55V 

SNMLS165.SN74LS165 7 V 

Intertm.ner voltage (sec Note 2) 55 V 

Operating free air temperature range SN54I6. jNS 4LS165 -55*C to 125*C 

SN74166. SN74LS165 0*C to 70*C 

Storage temperature range _ 55 * c , 0 1 5 o* c 


NOTH v V»4t«a» **lvM ••c«0l l«W*»#Witt*r *r« wit* iMHrt t« n«tw»rh r*^ n <J 

2. T *t| .» 1 ** kttww !<M •* • Winxilt'. T*«( f»tm# •*•>*« t»f \r > * *• tK« aftiM/iea* i* 

with tn* CIAc%-«Ah«a*t 


I 
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TYPES SN54165. SN54L:i65. SN7416S. SN74LS185 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 


• Complementary Outputs 

• Direct Overriding Load (Data) Input* 

• Gated Clock Inputs 

• Parallel* to Senal Data Conversion 


BULLETIN NO. OL t TBit 371. OCTOBER 


SN«m snvslsibb . . . job m packaqi 

' SN741M. SM74CSUS . . . J OR N PACKAQI 

(TOP VI KM) 


TYPICAL MAXIMUM 
CLOCK FREQUENCY 


TYPICAL 

POWER DISSIPATION 



detonation ^ ^ 

10*0 v Cte 

The *165 and ‘LSI 65 are 8-bit serial shift registers _ — *uu«fin . . „ 

that shift the data m the direction of Qa toward 

« » » h . i imp 

UH when clocked. Parsltel-in access to each stage is 

made available by eight individual direct data inputs _ . . _ 

that are enabled by a low level at the shift/load 
input. These registers also feature gated clock inputs 
and complementary outputs from the eighth bit. Alt 
inputs ere diode-clamped to minimize 
transmission-line effects, thereby simplifying system 
design. 

Clocking is accomplished through e 2-input positive-NOR gate, permitting one input to be usad as a dock-inhibit 
function. Holding either of the clock inputs high inhibits docking and holding either clock input low with the 
shift/load input high enables the other clock input. The dock-tnhibtt input should be changed to the high level only 
while the clock input is high. Parallel loading i\ inhibited as loog as the shift/ioed input is high. Data at the parallel 
inputs are loaded directly into the register on a hijMo-low transition of the shift/load input independently of the levels 
of the dock, clock inhibit, or send inputs. 

FUNCTION TABLE 


j INPUTS | 

SHIFT/ 

CLOCK 



PARALLEL! 

LOAO 

INHIBIT 



A . . . H 

L 

X 

X 

X 

a . . . h 

H 

l 

L 

X 

X 

H 

L 

T 

M 

X 

H 

L 

t 

L 

X 

H 

H 

X 

X 

X 


INTERNAL 

OUTPUTS 

OUTPUT 

Qa 

Ob 

Oh 

« 

t> 

h 

Qao 

Qto 

QhO 

M 

QAn 

^Cn 

L 

QAn 

QCn 

Qao 

°B0 

Qhq 


5 m •*Dl«n«t>on of function t»OM« on p«»« 3 

schematic of inputs and output 

-16S 

ItQUI VALENT OF EACH INPUTJTYPICAL OF^OTM OUTPUT^ ft 



"V 
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TYPES SNB4LS280, SN54S280, SN74LS280. SN74S280 
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 


• Ganaratat Eitbtr Odd or Evan Parity 
for Nina Dm Lint* 

• Cascadabft for n-Biti 

• Can Ba Used to Upgrada Existing 
Systems using MSI Parity Circuits 

• Typical Data*toOutput Dalay of Only 14 ns 
for S280 and 33 ns for LS280 

• Typical Powar Dissipation: 


. . 335 mW 


FUNCTION TABU 


NUMBS N OF INPUTS A 
THAU I t HAT ARC HIGH 


•ULLITIN no OL t ?4M*I* DICIMBfR ItTI-MVlUD OCTOaiR ISH 


tmaaitaao. amsataao . . . j or w packaoc 

BN?4LSaaO. SN74S2B0 ... 4 OR N PACK AGS 
(TORVItW) 




tot**'- •** »un<tto« tM>J« 


H • h*fh l«v«< C - tow tovOt 


NC -No <•«**•< 1-0* 


description 


These universal. monolithic. nme-bit parity genarators/chtckers ut'liie Schottky -damped TTl high-performance’ 
circuitry and feature odd/even outputs to facilitate operation of either odd or even parity application. The word*length 
capability it easily expanded by cascading as shown under typical application data. 

Senes S4LS/74LS and Series 54S/74S parity generaton/checkers offer tha designar a trade-off between reduced power 
consumption and high performance. These devices can be used to upgrade the performance of most systems uniting 
the ’180 parity generator /checker. Although tha 'LS280 and $280 era implemented without expander inputs, the 
corresponding function is provided by tht availability of an input at pm 4 and tha absence of any internal connection 
at pm 3 This permits the ’LS2B0 and *S280 to be substituted tor the '180 m existing designs to produce an identical 
function even if *LS280s and S280‘s are mixed with existing 'ISO’s. 

That# devices are fully compatible with most other TTL and DTL circuits. AH 'LS280end 'S280 inputs are buffered to 
lower the drive requirements to one Senes &4LS/74LS or Senes $4$/74$ standard load, rtspectivaly. 


schematics of inputs and outputs 


’LS2B0 


'9790 













TYPES SNS4LS2S0. SN741S280 
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 


1 


absolute maximum rating over operating free-air temperature range (unlast Otherwise noted) 


SupuW voltage {tee Nott 1) . . 7 V 

Input toiiAQf 7 V 

Operating free etr temperature range SN54LS280 -55* C to 1?S*C 

SN74LS20O 0*C to 70*C 

Storage temperature range -65*C to I50"C 


Note t Vi If Itw t»« »n» mw n to oot«»«V WWWHI|> 


rtc omma ndad operating conditions 



mm i a mm 

mm hit m 

□ 

MIN NOM MAX 

MtN NOM MAX 


4 5 5 55 

*7% 5 5 75 


| H.nN I«V«' Output curr*nt IQh 

-0 4 

4 

d 

j L*. a *ouol output curront *OL 

4 

a i 

m 

ttro *if tom port turd, 

-55 125 

0 TO | 

hj 


electrical character ittict over recommended operating free-air temperature range (unless otherwise noted) 


snmlsim SNrnsno 


PARAMETER 


TEST CONDITIONS* 


* 

t V H 

H ‘Q* lovo* input voitteo 


« v»i 

Lem >OvO< input voa««o 


' v I«c 

Input domp woMaf* 


! V 0 M 

Ntfh kovoi output vottofi 


| *0 l 

Lour »OW( output wottafi 




Vcc • MAX 


V CC • MAX Sm Noli 2 


' r O# tone '*•*« ll MlN »» MAR uM l»4 tOO' »«K wftlw# a#K><n| ),Mtr rt<«mfn*n«M tH'tli'l <0**0*f.0«« 

! *»• Ifpxtl -tiuH •»* It V ££ - 4 V • li c 

*N«* <o»« Oulput iMgic, »* •!•'«'* 0«d Ou'Ot'O* o' t*0 «*0H *•»«„,» «*Ow*d not ••(Old td<0*d 

NOT | J t qq it '**OMu'Od lUit* ill .npgtt (fP»nO«4 |nO lit twipwil or«n 


switching characteristics, Vcc ■ 5 V, Ta • 2S"C 
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SCHOTTKY* 

PROM'S 


SERIES 64S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


TitBnium-Tungstan (Ti-W) Fust Links foe 
Fast, Low-Volts^s, Reliable Programming 

All Schottky-Ctamptd PROM's Offtr: 

Fast Chip Satact to Simplify Systtm Dtcodt 
C Kotos of Thrat-Statt or Open -Collector Outputs 
P N-P Inputs lor Reduced Loading on 
Systtm Buffars/Drivars 


Full Decoding and Chip Satact Simplify 
Systtm Design 

Applications Inciudt: 
Microprogremmmg/Firmwere Loadars 
Coda Convartan/Charactar Oanarators 
Translatort/Emulators 
Address Mepptng/Look-Up Tobias 



TVPI NUMtSR iPACKAOlil 


-we i« use a*c«*?o*c 


SNS4S1SSU.WI 


l iiBiyrr n uEu 


sNMsaru.wt 


SNS4S3S7U W) 


*NS4*4I0U1 


SNS4S4?1iJl 


israanni 


SNI4S47^IJ» 


*N*4J474lJ. rt( 


SN%4*47$U,WI 




SN74S2SSU, N) 


SN74S2STU. N) 


SN74SM7g.NI 


SN74S470U. N) 


SN74S47KJ. H) 


SN74S472U. N» 


SN74S473U. N) 


SN74S474IJ, Nl 


SN74S47SU. Nl 


BIT Sltl 

(ORGANIZATION! 


133 w ■ a St 


1034 am 

t3ttWs4Bt 


304a bm 
(3ttw«sai 


409tbm 

isi3w«sai 


4oaa»m 

isi3w>sai 


OUTPUT 

CONPIQURATtON 


TYPICAL PtRPORMANCK 


powan 

ACCIBS TIMS I DISSIPATION 



mans ioj4 sits am bits aoeeerra 

oa WORDS BY S BITS} <IM WORDS BY 4 BITS) (39t WORDS BY S BITS I (Bit WORDS BY t BITS) 
till. *S3SS 1M7.13I7 1471*8471 *0471*8479 


saaaMTa 

ISttWOROB BY BBITB) 
*9474, *9479 


Ns \ *•» t* 

!|'t« *•« »ei t. 


)* *« 

V* 

''I* 1 1 tot 

-•I I l too 




•Cl IP 


P«A o my wm ow tt ♦#* «n •• <k*m w» w » io» im «n 



dascription 

The*# monoMhtc TTL programmable readonly mtmories (PROM %) feature ti tan* um- tungsten (Ti-W) fute links with 
*Kh link d*vgn#d to program m one mtllisecond or lea*. T heee PROM'* offer considerable flexibility for upgrading 
existing design* or improving new design* a* they feature full Schottky clamping for improved performance, 
low-current MOS-compatible pop inputs, choice of but-driving three -stete or open -collector outputs, and improve d 
chip select access tmei. 

The high complexity 304$ and 4099 bit 20 pin PROM's can be used to significantly improve system density for fixed 
memories as alt are offered m a duet ml me package having pm-row spacing* of 0.900 inch. 


AftlLtMltaAAV OATA SHEET 
t vsevwxw y 4 m« mm/ fc b# 
g u M-Aed h a 4i«r e*«a. 


Texas Instruments 

ivcoxroxAiio 

**•» •»»<« Ml Mil t — M>e TIMS NIK 


* tMSS *r— *4 IWstAy-Sarrie SW 
tttmpm d vmww w pet aMed 
Taxes IwirvW rt l. U. S. NM 
f Svm»er 143171 



















































SERIES 54S/74S 

PROGRAMMABLE READ ONLY MEMORIES 




dttcnption (continued) 

Oata can bt electronically progremmed. at desired, at any b»t location m accordance with the programming procedure 
specified An PROM's, except the *S2t7 and *ST!7, ar« supplied with a low logic -level output condition itoredat each 
bit location, Tht programming procedure open-circuits Ti W metal links, which r ever tat the ttored 1091 c level at selected 
locations. The procedure tt irreversible. once altered, the output for that b*t location «t permanently profr amm ed. 

Outputs never navmf been altered may later be progremmed to supply the opposite output level. Operation of the unit 
within the recommended operate conditions will not alter the memory content. 

Active level (si at tht chip tel act mput(t) enables all of the outputs. An inactive level et any chip setae t input causes aM 

outputs to be o if. i 


The three-state output offers the convenience of an open col kc tor output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet <t retains the fast rise time characteristic of the TTL totem-pole output. 
The open coMvctor output offers the capability of direct m^rface with a dau line having a passive pull-up. 


schematics of inputs and outputs 

11 M. tltf, UM. TOS7, 1410. *»iaa, W. W7. m 

•*471. 9472, '9473, *9474. *9479 *»470, *473. *9479 *1471, **471 1»74 



TYPICAL OP 
ALL OUTPUT1 


- OUTPUT 




Ct»cw.i A«| ****** 



absolute mikimum ratings over operating froo-atr tomporaturt range (uniats otherwise noted) 


Supply voltage (it* Note M . 7 V 

Input woltagv 6.5 V 

Off itat* output voitape 5.5 V 

Operatic fie# «ir tamperature fange SNbeS' Circuits .... -55*C to 1 ? 5 *C 

SN 74 S' Circuits 0 *C to 70 * C 

Storage temp *i atu't rang* -65*Ctol50*C 


recommended conditions for programming 




9X949 . 9X749* 




MIX 

XOM 

MAX 


Supply voMasa. v cc (see Note 1) 

ftaady *i*«a 

4 79 

ft 

9 >9 


Pforarw puiw 

to 

tos 

!!» 

V 


Mtpi v m 

34 


9 

V 

j 

Low *auw. v, L 

0 


09 


T#fm.«#tio« pi an ouipw<! a •cart th* on 10 ba R*of'awu«w<f 

9«a load c*cw«t 
(Pt«u'a tl 


Vomjv* *©pi'»d 10 output to ba piofiammad Vq ( p# | (m* Not# 21 

0 

029 

03 

V 

Du* ji-on o< Vcc P* Of* #**#*»,«$ p^na v Im f >vw*t 2 amJ Noia 31 

OS 

1 

_!°J 


r*ofjmmtNfl*<i* wet# 


» 

» 

% 

f >*m *•» i*mp#«at w >« 

0 


•• 

•c 


* ANflvl* wtitwy w 

Notts 1 fwt >»t »I|I« mxKl 1 * if m WI Tm vWh tiuiyi nti*( «M1 mi W* Nft»| 

3 in* siaa s?aa sa?o sari sarj sail sara •*<» i4 7i •«• i-wpi^ w vii » a* i«h i**«i #*a 

• i t »>• tuipui •* <*• ».« %m i«f>c **-»*) T*«a tjer **a S)|l *»■ iwafitM an wt •wtwn •« a 

l< » < ■•*•< ♦«« *»'•**#<■'' « b.1 * »'•>'»# M it 1* « l«* ’Ofit t*v«l 

a r*#ri'"'"‘"i * **•/#*«••* >* **# •*<*« m>i>>-««i .* oa *•** 
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64/74 FAMILIES OF COMPATIBLE TTl CIRCUITS 


MN ASSIGNMENTS 




OCl AL OTTH LATCMtf 


363 TRANSPARENT LATCH 
mtati output 

COMMON OUTPUT CONTROL 
COMMON SNAOLI 


I m-mlMI 


OCTAL O TYPE PLIP-PLOPO 

364 COMMON CLOCK 

COMMON OUTPUT CONTROL 
24 TATE OUTPUTS 


NIK 0U« OR* VIM 

365 24T ATI OUTPUTS 

NONtNVfPTED DATA OUTPUTS 
GATED ENA0LI INPUTS 


M«K PUt ORI^fRS 

366 INVERTEO data OUTPUT 

GATiO INAOLE INPUTS 
24 T ATE OUTPUTS 



tWHMU l|PI 9N7044AIJ.M 
ONMLSJOOU.*! SNMLS2M U, N, 
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Am26LS32 • Am26LS33 

Quaci r>iff*r*ntUil Lin* R*c«lv*r* 


OltTINCTIVC CHARACTERISTICS 

• Input volt*g* f*n g» of 1SV (different!*! or common mod*) 
on Am76l$33; 7V (diff*rtnti*l or common mod*) on 
Am76LS32 

• iO 2V sensitivity o v*r th* input volt * 9 * r*ng* on Am J6LS32; 
iO.fiV »*n*itivity on Am26tS3) 

• The Am 2® L S3 7 meets »ll the requirements of RS422 *nd 
RS423 

• ®k mtntmum input impedenc* 

• 30mV input hysteresis 

• Operation from sm^'e *5V supply 

• 1 6 -pm hermetic end molded D IF p*ck*ge 

• F*i! i*f« input-output relationship. Output always high 
when inputs open 

• Thf##.ft*tt drive. with choic* of complementary output 
enables, for rtcttvmg directly onto a data but. 

• Fropagation dtl«y I7nt typical 

• Available in military and commercial temperature rang* 

• Advanced low -power Schott ky pr onetime 

• 100% reliability assurance testing in compliance with 
MILSTD483 



ORDERING INFORMATION 


, CONNECTION DIAGRAM 
Tc*» View 


D»* 

Plat 

0 <* 

H*»m* t.C Dl* 

Mo CM* 

0 <* 


T«mp*f *« u i # 
A**!** 

-bVC to • i2VC 
-M*C to*!25‘C 
-M*C to «’?5‘C 

O‘c«ooa*c 
trc to were 
ore 1 © *7<rc 


AM?eiS32l-M 

AM26LS32XM 

AM?*lS320C 

AM26LS37RC 

AM2*lS32*C 


AM26i S330M 
AM26lS33»M 
AMKIS33XM 

AM2*lS33DC 

AM2€lS33*C 

AM2*lS33XC 



N*t* »«a 1 4 »i«r«ut*' r>ant«i'*A 




3 LUTE Maximum RATINGS (Abovt which th# useful lilt may b« impaired) 


r V0»» «* 

ITiloff* Rang e 
jt |:i; it Voltage 


7.0V 


*25V 


*25V 


7.0V 


». iuie Range 


EWTt: 

tlCTR^AL CHARACTERISTICS Over the operating temperature range 
atoHow ' i con.titiom apply unless otherwise specified: 

^S3r> A^26CS33XM <M»U T* - -55* C to +12S*C V CC -#.0V*10» 

AmJ* w S33XC <COM*L> T* • 0*C to ♦ TO* C V cc - 5.0V t 5% 

Description Test Conditions 


50mA 


-65* C to *165*C 


«te«s 


Typ. 

(N-SI» II 


Max. Units 





Am26LS32. -7V < V CM *; *7V 

0.2 

0.06 

0.2 

Volts 

Yyvi 


v OUT v OL ** v OM 

Am?6LS33, -15V < V CM < H5V 

05 

0.12 

0.5 

Ui 

iput Resistance 

-1SV < Vcm < + 1SV (One input AC ground) 

6.0k 

8 5k 


SI 

Ml 

nout Current (Under Test) 

V IN * +15V, Other Inpul 

-15V < V, N < e15V 



2.3 

mA 

lei 

'put Current (Under Test) 

Vj N - -15V, Other Input -15V < V 1N < +15V 



-2.8 

mA 

*0N 

utput HIGH Voltage 

V C C •Min.. AV| N --M.0V 

COM'L 

2.1 

34 



V ENABLE " u,bV, i 0 H - 

-44QmA 

MIL 

25 

3.4 




Output LOW Voltage 

V CC -Mm.. AV| N • -1.0V 

Iql * 4.0mA 



04 

Volts 

Venable - o sv 


Iql • 8.0mA 



0.45 

~ 

enable LOW Voltage 




0.8 

Volts 


enable HIGH Voltage 


20 



Volts 

~ 

triable Climp Voltage 

Vcc * Mm.. I| |s| - -18mA 



-15 

Volts 

u 

Off-State <H«gh Impedance 1 

Vcc " Max. 

Vq “ 2.4V 



20 



Output Currant 

Vq • 0 4V 



-20 


~ 

enable LOW Current 

V, N -0.4V 



-0.36 

mA 


Enable HIGH Current 

V, N -2.7V 



20 

**A 

He 

Output Short Circuit Current 

Vq • 0V. V C c * Mar*., bV (N • + 1.0V 

-15 


-85 

mA 


Power Supply Current 

Vcc ■ Max., AM Vjn - GNO. Outputs Disabled 


52 

70 

mA 

S 

Input High Current 

V ((SI - 5.5V 



100 

UA 

*MYS 

Input Hysteresis 

T a - 25“C, V CC * 5.0V. V C m “ ov 


30 


mV 

*lH 

Input to Output 

T a - 25* C, Vcc * 5.0V, Cl ” 15pF, see test cond. below 


17 

25 

ns 

^H~ 

Input to Output 

T A - 25*C, VQC "5.0V, Cl * 15pF, see test cond. below 


17 

25 

ns 

H.2 

Enable to Output 

T A - 25°C. Vcc * SOV.Cl * 5pF, see test cond. below 


20 

30 

ns 


Enable to Output 

T A - 25°C, Vcc " 5.0V, Cl * 5pF. see t*St cond. below 


15 

22 

ns 

'Jl 

Enable to Output 

T a - 2S*C. Vcc ■ 5.0V, Cl - 15pF, see test cond. below 


15 

22 

ns 


Enable to Output 

r A - 25*C. Vcc * 5.0V. Cl * 15pF. see test cond. below 


15 

2? 

ns 

k **a » 

• typical values er* V cc - 5 0V. T A 

- 25*C 






" t 


LOAD TEST CIRCUIT 
FOR THREE STATE OUTPUTS 


PROPAGATION DELAY 
(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 



(Wi'TI 

MAM 

IWAuT 

TRANSITION 


zJ~ "\= 

— — — -* t *»l 


v 0»* 
1 JV 



Not** 

1 . Diagram shown tor Enabla LOW. 

2 . Si and S j of Load Circuit *ra c»o*#d axcapt 

wM*r« ihQtvn. 

3 ruin Gtn*r*tor for AU Pulse* Hit* L I.OMMj, 
Z 0 - 50fl. i r < 15n*; if < A.Ont 


nJ r 2f NAL PAGE & 

* P<) °R QUALITY 
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Am26LS31 

Quad High Speed Differential Una Drivar 


DISTINCTIVE CHARACTERISTICS 

• Output skew - 2 0n» typical 

• Input to outpu; delay — 12ns 

• Operation from single +5V supply 

• 16 pm hermetic and molded DIP package 

• Outputs won't load line whan Vcc • 0 

• Four lint drivers in one package for maximum package 
density 

• Output short-circuit protection 

• Complementary outputs 

• Meets the requirements of EIA standard RS422 

• High output dnva capability for 600 transmission lines 

• Available in military and commercial temperature range 

• Advanced low power Schottky processing 

• 100N reliability assurance testing in compliance with 
MILSTD883 


FUNCTIONAL DESCRIPTION j 

The Am26LS3l it a quad differential line driver, designed for | 
digital data transmission over balanced lines. The Am26LS3l 
meets all the requirements of EIA standard RS422 and federal ’ 
standard 1020. Is is designed to provide unipolar differential 
drive to twisted pair or parallel-wire transmission lines. ; j 

The circuit provides an enable and disable function common 
to all four drivers. The Am26l$31 features 3-state outputs 
and logically ANDed complementary outputs. The inpuu 
are all LS compatible and art ali on# unit load. j 

The Am26LS31 is constructed using advanced low-powa* 
Schottky processing, 1 



yT 

LOGIC DIAGRAM 

iS»VT 

>N*\JT 

JR#VT 

LJ . 

D 

_L 

c 

_L . 

s 

_L 

A 

. I . 





ORDERING INFORMATION 


Package 

Temperature 

Ouler 

T v p-e 

Range 

Number 

Hermetic DIP 

-55°C to 

AM261S31DM 

Flat Pak 

-55°C to ♦ 1 25^0 

AM26t.S31FM 

Dice 

-bb'cto 0 25'C 

AM26LS3IXM 

Hrtmrvc DIP 

O’C to *70*C 

AM26LS31DC 

Molded DIP 

0°C to *7Q*C 

AM26US31PC 

D>c* 

O^C to *7Q°C 

AM26LS31XC 


CONNECTION DIAGRAM 
(Top View! 



| CMAHSli £ 

| OyTAyli 


| c***nnu C 
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-A 



Am 26 LS 31 


r MAXIMUM R ATINQS (Abovt which tht usaful lift may bt impairtd} 


5.6V 


»u'tR»*gt 


-65*CtoM50*C 


1 CHARACTERISTICS ovtr thaop*atin9ttmpff8turt rang* 
"iMiom apply unlaw othtrwiit tpaofiad: 

.) t a • -»i*c ta *m*c v cc «ivnon 
vti r A « o'c 

Description Tt»t Condition! 


Typ. 

(N«t« If 


Mu 


Unit! 


[*0» 

Output HIGH Voltage 

Vcc • M»«.. lOH * -20mA 

2.1 



V<Mtl 

hsr 

Output LOW Volte*! 

Vcc * Mm.. »OL • 20mA 



0.6 

von* 

rzr 

trput HIGH VoHe*t 

V CC • Min. 

2.0 



Von* 

a** 

inpgt LOW Volt*#* 

Vqc * 



08 

van* 

Hi 

Input LOW Curtent 

V CC " M*«. t V|H4 • 0.4V 



-038 

mA 

•m 

Input HIGH Current 

Vcc * Men.. « 2,7V 



20 

mA 

V“* 

( tout fStuaree Current 

V CC -Ma«.. V,n • 7.0V 



0.1 

mA 


OH State IMi|h Impedance) 

Vcc * Mm - 

V 0 • 2JV 



20 

pA 


Output Curr*m 

V 0 - 0,8V 



-20 

»v 

Hput Clamp Voltage 

Vcc * Mm.. > IM * 18mA 



-1.5 

V©i* 

t* 

Output 5*<yt Circuit Current 

Vcc * M ** 

-TO 


-150 

mA 

a-—-,,- 

IHC 

Power Supply Current 

Vcc * Me*.. a»l outputi d* tabled 


80 

80 

mA 

■ *1* 

Input to Output 

Vcc “ 5 0V. T A • 25*C, Load • Note 2 


12 

20 

na 

> »wt 

input to Output 

Vcc • 50V. T A - 25* C. Load • Nota 2 


12 

20 

ns 

1 KIM 

Output to Output 

Vcc * 5,0V, T A • 25*C, Load - Note 2 


2.0 

6.0 

na 

Vi 

Enable to Output 

V C C * 5 OV, T A - 25*C. C L • 10pF 


23 

35 

na 

W* 

Enable to Output 

V CC • 6 OV. T a • 25* C, C L - 10pF 


17 

30 

na 


Enable to Output 

V CC • 5 OV, T a * 25* C, Loed - Note 2 


is 

45 

na 

*T* 

Enable to Output 

Vcc * 5 OV, T a • 25* C, Loed * Nota 2 


30 

40 

n* 


*na 1 
I 


4t va>ue* •'# V CC * 5 OV, ^ A * 75* C 
yjef v IN| • V3v to v ouT - 1 3V. Vou L st 


• OV to *3 OV S«o litQM 


AC LOAO TEST CIRCUIT 
FOR THREE STATE OUTPUTS 


PROPAGATION DELAY 
{Notts 1 *nd 3 ) 




v o*. 

\% V 


ENABLE AND DISABLE TIMES 
{Notes 2 and 3 

Enable Dtoobt* 



Ov’MT 

i v V 

HU 5* 


No tot 1 Dt*#**"" *»>©wn to' Enable LOW 

1, S 1 »nd $] e * L©#© C^CUll O'O tt«MO JOOt *r* #»• •*©»%* 

J tul*e Generator tar AH Pul*** bate < t OMHt. X 0 • 801), f» < 18"«. tf < * 0** 
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Fixed Frequencies 
Available 


Frequency Tolerance 


Output Waveform 
Amplitude 
and load 


Supply Voltage 


Supply Current 


Termination 


Availabthty 


Price Range 

Special prices available 
for larger quantities. 


0,3 

17.6 mm t 


MODEL D14C.0 or E 

MODEL L14 C, D or E (L13C, O or E)* 

1MHz to 20 MHz 

Model L14C 'U3C): 0.1 Hz to 25 MHz 
L14D.E (L13D.E): 0.1 Hz to 60 MHz 

Model D14C: ± .005%, 0°to + 50°C ». 
D 140: ± 0075%, 0°C to ♦ 65°C 
DUE: t .01%, - 25°C to + 75*C 

L14C (L13C): ± .001%, 0°C to + 50°C 
L14XKUac|: ± .0025%, 0°C to + 65°C 
fU?f\'ll3E)>^ .005%, - 25°C to + 75°C 
External Frequency Adjust Option of ± 30 ppm 
Tolerances to ± .0005%, 0°C to ♦ 50°C are available 

Squarewave, logic 0 < 0.4V, Logic 1 > 2.4V into a 200 to 2KfiLoad 

Duty Cycle < 10 MHz, 49/51-51/49 
Duty Cycle > 10 MHz, 30/70-70/30 

Outy Cycle < 10 MHz. 59/51-51/49 
Duty Cycle > 10 MHz, 30/70-70/30 

5 Vdc ± 5% 

10 ma to 30 ma depending on frequency 

10 ma to 125 ma depending on frequency 

3 pin 0 IP to plug into single 1C socket, with- . 
gold plated pins, ,017" (0.43mm) diameter 

*14 pin DIP to plug into single 1C socket with gold plated pins 1 
L14C, 0 or E: Flat Pins, .016" (0.4 mm) x .023" (0.6 mm) 
L13C, D or E; Square Pins, .017" (0.4 mm) x .01?" (0.4 mm) 

2 to 6 weeks AR0, faster delivery possible with premium charge in some cases 

Less than S50 depending on specs & quantity 

Unit Price Range: $61 to $222 depending on specifications & quantity 


0.3 mm) 

1 


0.78" (1.98 cm) 


Mode! 

D14, C, Dor E 


0.44" 
(11.1 mm) 


0.78" (1.98 cm)- 


Model L14C.D or E 
(L13C,D or E) 


can be 

0.38” (9.6mm) 
high on special 
request for Treq. 

> imh: 

.57’* (14.4mm) 
for L14D.E 

> 20MHz or 
L14C.D.E 

< 50kHz 


„ 2 °. 4 L 

' , oV'*‘ | 


0.6" (1 .52 cm) * 


[*-0.6" (1 .52 cm) — 


0 

1 

? T 

T 

1 2 3 4 5 6 7 


‘ : 0.3" 

0 49" 



(7.6 mm) 

i 

(1 2.4 mm) 


14 

6 O 

1 


14 13 12 11 10 9 8 


Option J 

\ r 


i Ext. Adj. 


Omitted pin 


i Gating (option) 


Bulletin subject to change without notice. 


See other side 


Please phone or write for additional information 
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TRW 


MONOLITHIC VIDEO 
A/D CONVERTER 

PRELIMINARY INFORMATION 


MODEL : TDCI007J 


The TRW TDC1007J is *n 8 bit fully* 
parallel (flash) A/0 converter capable of 
digitizing an analog signal at rates from dc to 
GO megasamples per second (MSPS). It will 
accurately sample, without an external 
sample and hold circuit, input signals with 
frequency components up to 7 MHz (com- 
parator 3 dB bandwidth of 40 MHz). 

A single convert signal controls the 
unit operation, which consists of 255 
strobed comparators, combining logic, and 
an output buffer register. Recovery from a 
full scale step input occurs within 20 nsec. 
Controls are provided for straight binary or 
offset 2s complement output coding, in true 
or inverted sense. 

The TDC1007J is patented (No. 
3283170), with other patents pending. 

FEATURES 

• 8 bit resolution 
e 30 MSPS 

e No sampleand-hold circuit required 
e Aperture jitter 30 pS 

• Differential phase 0.5° 

• Differential gain 1.5% 

• Binary or 2s complement output 

• Monolithic, bipolar, TIL 

• 64-pin ceramic DIP 

• 2.0 W power dissipation 

APPLICATIONS 

• Video data conversion 

3X or 4X NTSC color 
3X or 4X PAL color 

• Radar data conversion 

• Hit,, speed multiplexed data acquisition 
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r .0 . BOX 1125 . fie DON DO BEACH. CALIFORNIA 90278 
12131 535-1831 

257 


© TRW Inc. 1978 





TDCI007J 



Digital Input Euuivalent Circuit 



ft |N ««OWH(N CONVICT SIGNAL I S HIGH (*1) 

V Ai ,STMI VOLTAGE ON FIN V Rr NOT TH* PIN ITSELF 

Simplified Analog Input Equivalent Circuit (Nott \ ) 



OUTPUT EQUIVALENT TEST LOAD POP DELAY 

CIRCUIT MEASUREMENTS 


Output Circuits 


performance characteristics, typical over recommended operating temperature range 


PARAMETER 

TEST CONDITIONS 


UNIT | 

Resolution 


8 ; 

But 




0.39 

% 


Dynamic Range 


2.0 

V 

Linearity Error 

0 to 20 Msp conversion rate 

0.2 

% 

Offset Error, Top 

V HT * 0 v V RB * ' 2 0 V (Nou 21 

♦30 

mV 

Bottom 

V RT - 0 \ V RB - -2.0 V (Note 2) 

-24 

mV 

Aperture Jitter 


30 

pS 

Differential Phm 

NTSC or PAL ramp modulated with a 
40 IRE color eubcarner (Note 3) 

0.5 

Deg 


Different ml Gam 


1.5 

% 


Bandwidth. Small Signal 





3.0 dB 


40 

MHz 


0.1 dB 


7 

MHz 


Transient Responie 

Recovery from full step input 

20 

ntec | 

Signai-to-No»it Ratio 

10 MHz bandwidth 

25 Mtpt convection rate (Note 4) 




Peak S*gnal/RMS Noise % 

1 .248 MHz input 

55 

dB 



2.438 MHz input 

54 

dB 


RMS S*gnal/RMS Noise 

1.248 MHz input 

4$ 

dB 


2.438 MHz input 

45 1 

J 

dB 


Noise Power Ratio 

DC to 8 MHz white no<se bandwidth 
4a loading 1 248 MH; slot 

36 5 i 

dB 



20 Msps conversion rate (Note 5) 
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SPECIFICATIONS 


TDCI007J 


absolute maximum ratings 


Supply voltaga, V rf % 0.0 to +7.0 V 

Vgg . 0.0 to -7.0 V 

Input voltage, digital • to ♦S.a V 

analog; ngnal . . , *0 .5 V to Vgg 

+0.5 V to Vee 

Outoiit volt to* . -0.5 to +7.0 V 



Output voltaga 

Temperature, operating, ambitnt .... 

junction ...» 
lead, soldering U0 seconds) 
ttoraga 

recommended operating conditions 


PARAMETER 


Supply Voltage, V C q 
v 66 

Reference nput. V RT 


Convert puUe w>c<th, Tp^ 

T f*W0 

Op«ritif)« Ambient Tempenture Ring* 


interface specifications over recommended operating temperature range 


TEST CONDITIONS 


. 0 to ♦TO^’C 

. . emoc 

. . ♦300°C 

-65 to +160°C 



PARAMETER 


NOM MAX I UNIT 


Power Supply 1 

l 

Supply -^uf'ent 

v cc ' WAX 

l^g Supply Ci f n.*-»t | 

I V EE - MAX 

Analog 

1 .. . . . _ _ _ .. . __ 

Signal Input 

1 

V, N Input VJi •... n.. ... j 

i 

1 

Rj^j Equivai- In*. np.d*ncr | 

V EE - MAX 


C ,N 

Input Capacitance 

! BIAS 

Constant Input Bus 

! b 

Clock Synchronous Bus 

Reference 

Input 

f RT 

Reference Current, Top 

*rb 

Reference Current, Bottom 

R 

Reference Resistor 

r t 

Tnm Resistor 

Digital | 

Inputs 

V ,H 

High Level Input Voltage 

V .L 

Low Level Input Voltage 

1 IN 

High Level Input Current 

«IL 

Low Level Input Current 

1 Outputs 1 

< 

O 

X 

High Level Output Voltage 

V 0L 

Low Level Output Voltage 



switching characteristics over recommended operating temperature range. 


PARAMETER | TEST CONDITIONS 


Maximum Conversion Rate 


r D£LAY 

Aperture Delay 

t d 

Digital Output Delay 
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TDCI007J 


PACKAGE INFORMATION 


r 


3 230/ 
3.1 70 


NC 1 
NC 2 
NC 9 
NC 4 
NC 9 
NC f 
NC 7 
NC • 
NC 9 
*NC10 
VRT11 

•NC12 
V IN 13 
AOND14 
V|N15 
v»Nie 

V RM 17 
V IN19 
AONO 19 
V IN20 
•NC21 
V RS22 
# NC23 
NC 24 
NC 25 
NC26 
NC 77 

VCC 7® 
0GN029 
CONVERT 30 
NC 3 1 
(C$9) 09 32 


TOP VIEW 



- 0.900 C m 1 

O.OS3 +0.019 

_i_ 1 

v — 

i i 

0.011 t 0.001 

i T r 

l 0.060 

t 0.01S 


0.249/0*1929 

* 0.092 

L_ 


T 


L 


HEAT 

SINK 


NOTES; 

• DIMENSIONS IN INCHES 


• ALL POWER AND GROUND 
PINS MUST SB CONNECTED 




SEATING 


0.017 
1 0.002 TYF 


U U U II PLANE (REF) 

— Hh~' ' 

■Hh 


• DO NO IS ♦SV GROUND AND 
REFERENCES TTL I/O 
SUFFERS ONLY 


• ALL Vj N PINS MUST BE 
EXTERNALLY CONNECTED 


0.100^ TYP 

0.010 


SIDE VIEW 


• RECOMMENDED CONNECTION TO ANALOG GROUNO FOR INTERELSCTRODB SHIELDING 

MATING CONNECTORS INCLUDE: 

Cambion 7034064-01 04*12 

Robinson-Nugent ICN-649-55-G 
Textool 232-2601-00-0605 (2 required) 


Low-Profile, Solder Tail, Tin Plate, Jam Socket 
Low-Profile, Solder Tail, Gold Plate, Jam Socket 
Solder Tail, Nickel Plate, Zero Insertion Force Socket 












TDCI007J 


OUTPUT CODING 



Rang# 


Binary 


Ofhat 2t Complamtnt 




True 

Inverted 

True 

inverted 


•2.0000V PS 

•2.0480V PS 

NMINV • 1 

0 

0 

i 

STEP 

7.8431 mV STEP 

8.000 mV STEP 

NLINV - 1 

0 

1 

0 

000 

• 

ooooov 

• 

0,0000V 

• 

00000000 

• 

11111111 

• 

10000000 

» 

01111111 

• 

• 

• 

• 

• 

• 

• 

• 

127 

0.9961V 

-1.0160V 

01111111 

10000000 

11111111 

00000000 

128 

•1 .0039V 

•1 0240V 

10000000 

01111111 

ooooooco 

11111111 

128 

• 

•1.0118V 

• 

•1.0320V 

• 

10000001 

• 

01111110 

* 

00000001 

• 

11111110 

• 

255 

•2.0000V 

•2.0400V 

1111*1111 

00000000 

Olll'uil 

10000000 


NMINV and NLINV «r« to be considered O.C. controls. They may be tied to +5V for a logic*! T and tied to ground for a 
logical ’O’. 


NOTES 

1. Analog Input . The analog input circuit of Figure 2 is a simplification that is adequate for most interface circuit designs. 
As shown, the input consists of 255 parallel emitter follower stages driving voltage comparators. C(N represents the non- 
linear emitter-follower junction capacitance, and IglAS ** the constant input bias current. R in is a linear resistive model 
of the change in input 'urrent due to comparator switching as the input moves through the range. This component does 
not vary after the input i ige is exceeded, as no additional compaiators can be switched, but do note that the comparator 
current is zero < R * •*) whiij the convert signal is high f’V). The diode voltage in the model represents the base-collector 
junctions of the emitter follower transistors, which can conduct if the input exceeds +07 V. 

The 300 pF maximum input capacitance presents a drive requirement similar to that of i 75 ohm coaxial cable, though 
its nonlinear nature and dc bias characteristics make it unsuited to being driven directly by a 75 ohm line: a source 
impedance of less than 10 ohms is indicated for optimal performance. One method of providing this drive is demon- 
strated on the TDC10Q7PCB (page 9}. This is not necessarily the best or most cost effective technique, but it performs 
well. The LH0033. or equivalent, buffer amplifier also woiks, and common analog line driver circuits can be adapted to 
the task. Through the use of NMINV and NLINV, either inverting or noninverting buffers may be accommodated. 

2. Reference Inputs The resistive divider that provides a reference voltage to each of the 255 comparator circuits has both 
ends and a midpoint tap available to the user, allowing considerable flexibility in the circuit operation. The nominal 
operating range is 0 to -2 V, requiring approximately 0 V on Vrt and -2 V on Vrq, This is not to preclude operation 
over a smaller range, as the circuit will function with a total range of less than 1 volt; but some performance character- 
istics will change. For example, a quantizer circuit has two major sources of dc linearity error: resistor ladder variations 
and comparator offset voltages. The former is scaled by a range reduction while the latter is not. The circuit should be 
operated with Vrt and Vrq within the recommended +0.1 to -2 1 V range, and Vrq at least 800 mV more negative 
than Vrt 

When one of the 255 comparators turns off due to a drop in analog input voltage, its bias current shifts from the analog 
input to the reference ladder. When the convert signal is high, comparator bias current is zero. This generates clock and 
signal related current noise on the reference inputs with a maximum amplitude of Ig, which can be relieved by ensuring 
adequate bypassing of Vrt Vrb to analog ground If the reference inputs are exercised dynamically, as in an AGC 
circuit, a bypass capacitor would be inappropriate and a low impedance reference source should be employed. The input- 
reference circuit is modeled on page 6. 

Calibration is accomplished by adjusting Vrt and Vrr to set the first and 255th thresholds to the desired voltagev 
Note that Rj is greater than R, ensuring that calibration can be achieved with a positive voltage on Vrt Assuming a 
0 to 2 V desired range, continuously strobe the converter with -0 0039 V on the analog input, and adjust Vrt for output 
toggling between codes 000 and 001. Then apply -1 9961 V and adjust Vrq for toggling between codes 254 and 255 
Rather {►'an adjusting Vrt. it may be convenient to connect it to analog ground and calibrate the 0 V end of the range 
with a buffer offset control Vrr is a convenient point for gam adjust that is not in the analog signal path. These tcch 
mques are employed on the TDC1007PCB (page 7). 

t 

A midpoint tjp, Vrm, allows the user to parallel the upper or lower half of the ladder with a trim resistor, Rt. This pro- 
duces approximately 1/2 USB adjustment of the linearity midpoint and $ included for linearity compensation of an 
extended temperature version of this part. It is not necessary that adjustment be performed over the commercial tern 
perature range (0 to 70°C). This pm can also be useful as a virtual ground reference for the input buffer amplifier if 
bipolar conversions are performed Be aware of the inherent Rt impedance of this node, any load applied to Vrm will 
affect linearity. 
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'" V KT 








I, •», M g A#*‘ », •*! •• 

MMMNCI LOAD IS OltTHItUTIO ALO*»C tut Aft KM NCI 0«V»Of * 
*1, AMO I, • # WWfN CLOCK «S WON m 


3. NTSC Video Testing. Measurement of video ttst signals is performed using tht setup illustrated. Tht A/O and 0/A 
converters art strobed at 14.3 MHi, unlocked from tht color subcarrier, and tha full composite signal encoded. No 
sin(x)/x correction is parformad. Oiffarantial phasa and gain, in txcass of that inharant in 8 bit quantitation, are deter- 
minad by measuring tha deviation of tha cantariina of tha traca on a vactoricopa monitoring a reconstructed 40 IRE 
modulated ramp, sampled asynchronously with tha color subcarritr. Tha small “glitches" in tha differential gain photo- 
graph are due to color bar feedthrough within tha test signal generator. 


to •***! 













OINfAATO* 





r 


- 










< 

r 



r 





TlftTftONU 

viOIO 

— M 

MATTmIV 
MON 
1 MHJ 

-P 

TDC100T*C* 

A/O 

y-p 

omiTCMfo 

D/A 

-P 

MATTHKV 

MOM 

»M*U 

-P 

TK«r*0*H« 

UOA 

Qt*«MTO« 


LONtASS 

Hitt* 


CONVlKMfc 

• 

GDMVMTIlt 


10W»A« 

raTu 


vicroAtooet 


4. Signal-to-Noise Ratio (SNR) Test . A block diagram of the SNR test setup is shown below, Tha analog input to tha A/0 
converter is a tingi? tone with a p-p amplitude equal to the foil scale range of the A/D. Power in the reconstructed 
waveform is measured over a selected bandwidth (<f s /2) and remeasured when the fundamental tone frequency is fil* 
ttred out at the D/A output. The ratio of the two power readings is the SNR. An ideal A/D converter has a SNR equal 
to 6n*1.8 dB. where n ■ number of bus, n>4.This is the RMS signal-to-RMS noise value. Peak signal -to -RMS noise theory 
is approximately 9 dB higher. 



5 


Noise Power Ratio Test A block diagram of the NPR test setup is given below. Bandlimited gaussian noise is the analog 
input to the A/D converter. Power in the reconstructed waveform is measured in a selected frequency slot and then 
remeasured with the same frequency slot notched out of the input signal spectrum. The ratio of the two power readings 
reflects the noise performance, dynamic nonlinearity of the A/D, and aperture effects. The theoretical NPR for the test 
performed is 40.5 dB. 



6. Linearity Testing Device linearity is readily determined with the test setup below. The A/D output is inverted using the 
NMINV and NL*NV controls. The input is slightly overdriven with a slow ramp, the output and input are summed, and 
the results displayed on an oscilloscope 
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Operational Amplifiers 


LH0032/IH0032C ultra fast FET operational amplifier 


general description 

Thy IH003MH0032C »* a high daw r* ta high 
input impydanc# diMaryntiyl oparidonyl ampMiyr 
tuiiabia for <jt vtru application m fatt ngnal hand* 
»ng Thy h.gh allowably cMlaraniiat nput voftag*. 
rata output clamping, a*; high output dnva 
capability particularly f _ it if Of COmp«r«tOf Jppti 
cat 'om It may ba utad m application normally 
rctyrvad for *idao ampMw't allowing the uta of 
Operational gain tattng ano frequency 'Vtponta 
thjpmg .nto thy magah#rfj region 


features 


• N*h |taw rat# 

• H.gh bandwidth 

• High mput irnp*<Jarvc# 


500 V p$ 
70 MHt 

to ,3 w 


• Low input but Currant 20 pA man 

■ Offwt null with iingt# pot 

• Low input offttt volt agv ? mV maa 

■ No companaation for gain* abova 50 

Tht LH0032 > wipa bandwidth. h*gh input rmpad- 
anca and high output capacity malt* it an »daat 
chorea tor application! tuch at tumming ampMurt 
m h*gh tpaad 0 to A t. buffvn m data *cou rail ion 
lyitemi, and tamp I a and hold c»rcu*tt Additional 
application! include high ipaad integrator! and 
vtdao am piif^n Tha LH0037 n guarantaad ovar 
tha tamparatura tang# -$5*C to ♦12S*C and tha 
LM0032C n guarantaad from -25' 1 C to ♦S5*C. 

For information on othyr National operational 
amplifiart. tat luting on «att paga 



263 


LH0032/LH0032C 




absolute maximum ratings 

SwppW VoM#f* tlfV 

Input VolUT 4V I 

Input voittp* *30V 

F©**r Qtutpation Sot curvt 

Optr«t»of T*mptf»tur* X#oft LM003? -S5*C IP ♦ 12§*C 

LH0037C -7J*C to ♦•**€ 

Siortf* Ttfliporttur* Rtn#t -S6*C W ♦ ISO'C 

L»*d T#mp»»itgrt |$OWff<of. 10 *#c) 300*C 


dc alactrical characteristics (Noi«d 




CONPlTtOWt 


ifiSUI 


**n 




g»Hti 


Of'** vmm 


M>ni 0'*w» o*.tt 

inpwt •••« Cw<««fH 


>**#< Oh»i 


Lr«* VeJiaft <*•** 


In«w1 Vtillf* Kmf) 

Ok>'p*l ImMf 

k»»S *f*ett>©* •#«*# 
Ce*W**» W«4f ft«)fct*n 
* 


V,* HtV »00* T**7t*C 
V, • tttV *»* ’00* 

•t* >*» 

t. • a*c 

T* * »* C 

v t • t itv v ow , • t iov • • i twt 

n k • i *n t 4 . jvc 

v, • t itv v pw » • i toy i • i *hi 

n k • t *n 

V, • !1»v 

v, • t itv m v • i ad 
V # • 1 1*V iV % * 110V 
V, • I ItV AV* * iov 
V* • t itv T* • ?t*C 


n 

10 


100 

to 

7 t 

7 % 


n 

it 


it 

70 


700 
It 0 

to 


mV 
*v *C 


•0 


M0 

•10 


1 17 
lilt 

00 

to 

It 


no 

no 


t17 

til 


00 

90 


ac electrical characteristics in 0 i« 21 


PAflAMETt* 

CONDITIONS 

MIN 

TYF 

MAX 

UNITS 

S**W Hat* 

A v - *1, AV* * 20V 

350 

500 


V/*n 

Stilly T imf to l\o* Final Value 

A v • - 1 . AV * • 20V 


too 


ill 

SetH.«t ^ .m» to 0 1% 0 * F.ntl Valw* 

A v - -1. AV* - 20V 


300 


II 

Small So**’ T .mi 

A v • ♦ V AV*» IV 


• 

20 

1 

Small S-gnai De**v T*m* 

A v • *1. AV* • IV 


10 

25 

SOME 


Nea 1 The*# ^•c.fxai.ont app*t *ot ttV ^ V j ^ 1 1 tV *nd -tt'C la *1 7t*C ♦ ©* it** lHQOIJ -7t*C »• *it C *o» *»• 
LH003JC 
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GENERAL DESCRIPTION 


The REP *01 Precision Voltage Reference provides a »tebN 
♦ 10V output uAi ch coo be ad Ijusted over • 13% range wrth 
hummel iffnt oo temperature iteoilitv. Smg*e supply Optra* 
boo over ao input voltage range of 13 to 40V, lour currant 
dram of 1mA, and encellent temperature stability art achieved 
with an improved bendgap design Low cost, lour no«te and lour 
power make the REF 01 an excellent choice whenever a stable 
voltage reference is required, such a* in 0/A and A/0 con- 
verters. m portable instruments, and in digital voltmeters. Full 
military temperature ranp devices with screening to MIL- 
STD 883A are available 


FEATURES 


m Adjustable 10 Volt Output 13% 

m linWiat Tamper e s uro Stability 3ppm/*C 

• Lour Norse KbiVp-p 

tfir Lour Poorer limW 

m Wide Input Voltage Range 12 to 40V 

m High Load Driving Capability 2&nA 

m No internal Component s 

m Short Circuit Proof 


m MILST0481A Screening Available 












REF-01 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage REF-01. A. E. H 40 V 

REF-01C.D 30 V 

Power Oiuipttion (*•« now I 500m W 

Output Short Circuit Duration Indefinite 

(to ground or Vin) 

Storage Temperature Range -65* C to +1$0*C 

Lead Temperature (Soldering, 60 tec) 300° C 


Operating Temperature Range 

8EF-01A, REF 01 -56*C to +125* C 

REF-01 E. REF-01H, OTC to *70*0 

REF-010 REF-01C, % 

Note: Derate at 7.1 mW/*C above 80* C ambient 
temperature. 


ELECTRICAL CHARACTERISTICS 

RcF 01A 

Th#»# io#cit>c«t>ont apply «or V| N • ♦1|V. T A • 26* C. u"*#M noted 


Parameter 

SvmVftl 

Teal Candi tiers* 

Mm 

Tve 

Ma* 

Mm 

Typ 

Mil 

Umli 

Output Vo H * 9 * 

v O 

• OmA 

9 97 

1000 

1003 

995 

1000 

1005 

V 

Output Adjustment Pang# ! 

- iV ti , »m 

ftp - lOkil 

1 3 0 

:33 

- 

' 3 0 

t3 3 

- 

% 

Output Voltage No-W 

«np p 

0 1H* to 10H/ 

(Note 51 

- 

20 

30 

- 

20 

X 

*,vp.p 

inoul V oitau* fling# 1 

VlN 


12 

- 

40 

12 

- 

40 

V 

lin* Regulation ] 

> Not# 41 


V, N ■ 13 to 33V 

- 

0 006 

0010 

- 

0006 

0010 

s/v 

toad Regulation 
(Not# 4) 


1^-0 fO 10mA 

- 

0.005 

i 

0008 

- 

0 006 

0010 

VmA 

Turn on Settling T.me 


To :0 1% ot final 
v#luc 

- 

50 

- 

- 

*0 

“ 

uMK 

Qu-escent Current 

‘SV 

No LO*d 

“ 

1 0 

1 4 

* 

10 

14 

mA 

toed Current 

<L 


10 

21 

* 

10 

21 

- 

mA 

S.nL Current 

l S 


-0 3 

-05 i 

- 

-0 3 

1 -05 

- 

mA 

Short OrCuit Current 

i 

! sc 

t 

o 

o 

> 

- 

» 


- 

X 

i 

- 

mA 

The following specific* lions apply tO r V| 

N • *15V -55 C w T a 

, <■ *175 C #nd *1 ■ 0mA.unifll Otfrennrn* n 

oted 



Output Voltage Change 

^ v OT 

Q J *T A A ♦70 j C 

- 

0 02 ; 

006 

- 

0 07 

M7 

% 

(Note* 1 and 21 


-55 <T a <*125 C 

- 

006 

0 15 

- 

0 18 

0 45 

% 

Output Voltage 

T^'npefetor* Coefficient 

TCVq 

(Not# 3) 

- 

3 

95 

- 

10 

25 

ppm/* i 

Change *n Vq Temperature 
Coeff>etnt ynth Output 
ArhuSt.nent 


ftp ■ IQMi 


0 7 



0.7 


ppm /“i 

l#nf We^uietKm 


cr*T A «;v?o'c 

- 

0 007 

0012 

- 

0 007 

0012 

VV 

(Note 4) 


-55 AT A <.t25 # C 

- 

0009 

0015 

- 

0009 

0015 

\/v 

Load Requtft.tjn 


0 j <T a <*70'C 

- 

0 006 

0010 

- 

0 007 

0012 

S/m A 

it l • 0 to fim* . 
(Not* 4> 


-55“<T a ^.i25"C 

- 

0 007 

0012 

- 

0009 

0015 

N./if»A 


NOTE 1 PVqj ii defined *« the aptOlutt b«>*een Ift# Output voltage *ntf mm, mum output voltage Over th* specified 

temperature range • ■pressed «i t percentage of TOV 

av 0 t * - v ~ Ax - Vwt * r 100 
u lOv 

NOTE 2 jVqt specification applies mmmed to 10 000V o* umnmmed 

• ^ v OT 0 *10*70 C 

NOTE 3 TCVq it defined a* *i v 0T d,v *7«l bv the temperature r a«ge, * e . TCVq< 0 to*70 C/ - — — ^ 

* . AVat -55 to*t?5 J C 

wna TCV 0 (,-5b io»1 25 C) • ^ , Q 

NOT! 4 Uft# and Load Regulation specif icanoni include the effects of seif Meeting 
NOTE 5 Parameter^ not t00% tested, 9Q\ o* umts meet th.* specification 


I tcvqC-s^io^ts^c)- 
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Am124/224/324 

Am124A/224A/324A 

Quad Op Amps 


Distinctive Characteristics 

• In the linear mode the input common mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage 

• The unity gam cross frequency is temperature 
compensated 

• The input bias current is also temperature 
compensated 

• Internally frequency compensated for unity gam 

• Large dc voltage gain - 100dB 

• Wide bandwidth (unity gain) — 1MH? 

(temperature compensated) 


FUNCTIONAL DESCRIPTION 

Thu Ami 24 w»r ms consists of tour independent, high gam. 
internally frequency compensated operational Amplifiers 
designed primarily to operate hum a single power supply over 
a wide range of voltages, these devices can also operate from 
Split power supplies and the low power %■ 'y current drain 
is independent of the magnitude of the power supply voltage 

Functionjl applications consist of all the convent, onal op amp 
circuits which car', now be more easily implemented m single 
poiv'f supply systems along with transducer amplifiers and dc 
gam blocks 



ORDERING INFORMATION 


Part 

Package 

Temperature 

Order 

Number 

1 vPt* 

Ramie 

Number 


Hermetic LPP 

0 C to + 70 C 

L M2 240 

Am 3 24 

Molded DIP 

0 C to +70 C 

LM324N 


DiC*» 

0 0 to + 70‘‘C _ 

1 0324 

Am 224 

Hpi mehc DIP 

2b C to + 85 ’C 

LM224D 


Hermetic DIP 

bfi'C to r12b’C 

LM124D 

Am 1 24 

Fiat Pack 

5‘ C to ♦ t2b c 

LMT24f 


Dice 

5b 0 to * 1 25'c_ 

LM124 


Hermetic DIP 

0 C to ♦ *0 C 

L M3 24 AO 

Am 3 24 A 

Monied DiP 

0 C to + 70 C 

LM324AN 


Dice 

octo+nv'c 

LM3244 

Am 2 24 A 

Hermetic DIP 

2b 'C to *85' C 

LM224AO 


Hermetic DIP 

55 0 to ♦ 1 2b C 

LM 1 24 AO 

Am ) 24 A 

Flat Pack. 

55 C to + \ 25 C 

LM 1 24 AF 


Die*? 

55 C to + f 25 C 

L0124A 


• Wide power supply range: 

Single supply ~ 3V to 30V 
Dual supplies - tl.BV to i 15V 

• Very low supply current drain (800pA) — essentially 
independent of supply voltage ( 1 mW/op amp at +5V) 

• Low input biding current — 45nA 
(temperature compensated) 

• input offset voltage — 2m V 
and offset current - 5nA 

• Input common mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage 

• Large output voltage swing - 0V to V f —1.5V 






Am 124/224/324 • Am124A/224A/324A 


El ECTRICAl CHARACTERISTICS (V* - +5 OVqc. Now 4) 


Am 1 24 A Am224A Am324A Am124/Am224 AmJ24 

Condition) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit) 



opiritmg 411 h.gh limpiniuttl tha Am334 mult ba daratad biMO on • *'2S*C maaimum function i«mo«rtturt and ■ tha»mal raaittanca of 
1 75 C W «pcii»i »or th* oavic# la'daratf in a pf mtao circuit bord oparatmg m a ttiH a*r ambiant Tha Amjja and Am 1 34 can t>a daratad ' 

bated on a ♦ \ 50 C maximum junction tamper a tun Th* dittipation .« the toiat of aft tour emplitrart — uto aatarnei retittort, wrhara po*»it*ia lo ; 
a>io«s amoiit.ar to tetureta or to raauca the power which »t dittipated in tha ntagratad circuit ! 

Shoi i e ircuiit itom in# output to V* can cauaa #»ceteiw* hooting and t»*ntuA‘ oattrucuon Tha me* irmum output c ur rant ta eporoaimgteiy 40m a 
• ndapai'iiant ot tn# magnitude ot V* At «4lu«t ot tupply voltage m ncttt o< *15V. contmuoul Ihort CifCuitt can aacood m« POn** ditKpat'On 
retmge inociuM even tua< destruction 

Tt>i* ,i>out Currant »>itl only avtl when the voltage at any of tha Input lead* i| driven negative. ft it dua to tha eoliactot bate junction pt tha input 
ONR trant. «to'« becoming forward bitted and tharabv acting at mput d' ooa ci»mpi in addition to thit oioda action, thara i* a'tc iata*ai non 
pa’atit'C trantittor action on the »C chip. Thit translator action can cause tha output voitafai of tha op amps to go to tha V* voUaga laval tor to 
grounn i or a taro* overdrivg) »o» tha tim* duration tn at an input it dr .van negative T hit it not dettruetivg and norma* Outpu t ttatat win reestablish 
Ah#<i ;Hf ."out vo’Ug? wntcn wat negative egam ivivni to a value fraatar man - 0 J v 

The** aoac.f.cat.onf acniv f 0 * v* - *6V PC and -55 C sT A sHJ8 c. ur iatt otherwise Mated With tha Am234 »H temperature specifications 
a«a <:mitao to - 35 C •* 1 a ^ a”ti tna Am3j4 tamparatu re ^pacifications ara Iimltad to 0 C * T A < • 70 C. 

V o * 1 4 V «$ ■ Oi l w>th V 4 fr orn i*V to JOV ano Over ma »uH .npuf common mod# r#rg* tOV to V * -15V* 

Tn« d.raction o< tha input currant it out o» tha lC due to tha PNh input stage Thit currant it etsentieifv eontttnt. moapanoant of tha ttata of tha 
Output to no 'ceding change axittt on tha input I mat. 

Tha mput common mod# voltage or either mput ».gna< voltage thouid not ba allowed to go negative Ov mora than 0 3V. Tha uppar and of tha 
C ommon mode vO'tage < »nge It V* - 1 5 V trot a>tha» or both inputs Can gt» to ♦ 33v Without damtga 

Qua to o* o x »m >t y o» #■ tar ma« componan ts , mtura that c Oup img ( t not originating via Stray ceoeot#n<# oat nr — n that* a> ternei partt Thit typit ally 
can ba detected at »h«t ty pa of capacitive coupling mcreaeet at highar frequence* 
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Ami 24/224/324 • Am124A/224A/324A 



Supply Voltage, V* 

32V or ±16. 


Differential input Voltage 

32V 


Input Voltage 

-0.3V to *3 Tt 


Power Dissipation (Note 1) 


K 

Molded DIP 

570rrA 


Cavity DIP 



Flat Pak (Am124F) 

800m* 


Output Short Circuit to GND (Note 2) 


f 

(One Amplifier) V* < 15V and T A - 25° C 

Continuous 

r 

1 

Input Current (V^ < -0.3 Vql) (Note 3) 

SOnU 

\ 

Operating Temperature Range 

- 

f 

u 

Am324/Am324A 

0°C to +70*c 

p 

Am 224 /Am 2 24 A 

-25°C to +85* C 

1 

Am124/Aml24A 

-55° C to +125X 

l 

Storage Temperature Range 

-65° C to +150’C 


Lead Temperature (Soldering, 10 seconds) 

300 S C i 




. itUGINAL PAGE lb 
op POOR QUALITY 
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OU‘*UT VOtlAGt - "»V Auoi -VOi1*OCGAM| 


Am 124/224/324 • Am124A/224A/324A 




LM 1 39 /LM 239 /LM 33 & , 
LM 139 A/LM 239 A/LM 339 A, 


LM 2901 , LM 3302 


•btolyt* miximum rating* 


»VOC-'**OC 

** 0 C 

4 ivee«^«M 


« VQC • I <4 Vqc 

»*oc 


rniiM 

IMW 

iiiw , . . 


rcxN'c 

-»‘C N 4»‘C 

-*rc * ««*’c 

-Wcwn'c 

■•‘C-Wc 


m‘c 


•(•ctrical ch«r»ct«rt*tict iv* • i vqc . *•* 4 i 


41 ** 

* 4 -H 


• • »• *• *• 


Awowt imw v 0 •**M f A * n V 
«« - Hi tat* ««|I • 

♦ 4 Voc *«i’»W0C *k * * ' * fl 

t* • n’c 

Vo k ***OC •i* 1 '**' 

t* • |VC i*«aw >• 

VHM-I? * *OC •« 

•Oi'^oc - 

Wii 1 Voc^tni-I-* 


•lictnul clMrMitrtftica (coo t) 


*»H *4 **"* 

** 0 C *W«-f» 

v 0 « JO voc 

■N*««v r i ) .;lv 0c trn V 


MO M** 

"" -*DC 

»*-»• Voc 


•“* ****** — — 1 w* ** • ****** ««'♦* kMrt, xm m '*■•"*•*' > W »I » I . T*w LMJJO tndiMiN rm< m k^a •> • i VO*C Mirnwn nww» ^hiiwki ftna«Ni tmwnr t j n QH 

0**“ Mwaa»a*w«a •* aw pw m<** W» *ow ** aa n aw m> w j i i t*p < 100 wAi i >i awl wa «M«pwt fu an n t>* mpkm »o mwah 

**•*• * ■*■** •***.« *•"* «** MMW M V* «** U.N MH> H kMMi w* wMMM TWa iwwam aawwl Cv*t*M « wwaa w M a » mi wQmmH I Aa wm"**-** M y* 

^ ««"•"* w* MWr MU «)M iM map 1 w*> w Ma MM «*M" tt 4 M I« IM (MWM N<«IIM «l ifv» »<w*t Mi# l«nM<d M Mlt>* 

«w* M MM i«v MO I m A Wm **>l <• waa W«w* DM •»•*.«« > M» km •*h*ICM TH*. »,.** «.^ M»aoa» •) w* is * M M 

V *** , * w '***' *•* *• * fc *'* - '•* • l ******»* ** *• W*4 AWWWM M< w* wpwi • A^wm m«Mm t M < m MW«4 WA MuWwt MM •** AMWW-aO *Ww« Wa «Oup wOwM Ml HO 

M. «fM hmm a « «*>«• p mm <M -0 } Vqj 

M4» 4 TMi M-MM MV M V* • * VQt mo ~U*C * T A < M»‘C wMaw a'fcwwaa HM WM Wa a* iMwawwa QQ. Mw wa MO A ^*C - Ti . A4C Mw 

U>U»U4)t* » M H im MittMl W WMM I« O’C S T a ^ iHfc Mtn»i>qio> WW 4MM 4<o^« ~*r C ST t V *«VC ' 

^*•*7^* * * , * TI •* *• **M<* «w»M* 4 M O Wa 1C AM a A* O# m< 4*0 TM anm a mmmM OMOM. MpPM O M mM O Wo WOH ■ W i«aM| Wwfi aa«a • m Wa rVara m 


***** • ‘*» M »■■»««■ MM OM « wow WWW hW Ndto MO M O wO W «• M*« ►» AW* 0 JV THa mow <OW«m i»mmmO «o*M iM a V* 1 1 V Mi < 

M* ho |0 *• Voc *"**«< *WQ 

•HOa I TM WOHO Ww# m*< 0 • M a 100 *V wo* mw wO * »V mW w ^w Myw wona oyMa Mnw>li Wawt wa tytwi parfwooaM Mttwaa H ir 

*4*A • Nwo MW W H H O « WWW I WW OO MO WOO W- OIW W mOi MW *«»*“ WWtQ» -^— »|W ww -1~r " ■ IQ r fin I W» Woa H il - 

M* Wim wh w«w mm tm Ma Aa* A J Vq£ >« 0 J Vpc Ma wa mifmaA ** Aa m«MM ww «ww*a * vMI 

(Mat *( ««w> *Hrt pow. Vo • M V oc. 4| • Oil wO V* frao I Voc M aw W M MM fwwWMA AA « Vyc *• V* - 1 * V K I 

***** ** **• *H arai A« aaawo V K aw Ao HA M a o w AW AW « W M iH «M0 a |v mMi V, m iMW M w«Ma0 A J*V wm aM a tnaatw, wawM WHOM H M 
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ANALOG 

DEVICES 


integrated circuit 
Low Drift Voltage Reference 



FEATURES 
3-T win inti Otvict: 

Voltag* ln/Volt* 9 « Out 
V 00 t - 2.5V 11%: 4.5V < V in < 30V 
Exctlltnt Ttmptnturt Stability: 
10ppm/°C (AD580M) 

1 0ppm/° C (AD580U) 

Excellent Long Term Stability: 250 *iV 
(25/iV/month) 

Low Quiescent Current: 1 .OmA max 
Small 1C Package: TO S2 Can 
10mA Current Output Capability 
Low Cost: $2.00 (100% AD580J) 



PRODUCT m.sauM ION 

The ADS80 is a three-terminal, low cost, temperature 
compensated, bandgap voltage reference which provides a 
fixed 2.SV output voltage for inputs between 4.5V and 
30V. A unique combination of advanced circuit design and 
sophisticated thin film resistor processing capability provides 
the AD580 with a temperature stability of better than 
10ppm/*Cand long term stability of better than 250*iV. 

In addition, the low quiescent current drain of 1.0mA max 
offers a clear advantage over classical /cner techniques. 

The AD580 is recommended as a stable reference for all 8, 10, 
and 12-bit D-to-A converters that require an external reference. 
In addition, the wide input range of the ADS 80, allowing 
operation with 5 volt logic supplies, makes the AD580 a good 
choice for all digital panel meter applications. 

The AD580J, K, L and M are specified for operation over the 
0 to +70° C temperature range; the AD580S, T and U are 
specified for operation over the extended temperature range 
jf -55 to ♦125°C. 

PRODUCT IIKilll.KiilTS 

1. The three-terminal voltage in/voltagc out operation of 
the AD580 provides regulated output voltage without any 
external components. 


2. The ADS 80 provides a stable 2.SV output voltage for 
input voltages between 4.5V and 30V. The capability 
to provide a stable output voltage using a 5-volt input 
makes the AD580 an ideal choice for panel meter 
applications. 

3. Thin film resistor technology and tightly controlled bipolar 
processing provide the ADS 80 with temperature stabilities 
below lOppm/^C and long term stability better than 
250mV. 

4. The low quiescent current drain and fast turn-on time of 
the AD580 make it ideal for CMOS and other low power 
system applications. 

5. Every ADS 80 is baked for 48 hours at +200 o C, 
temperature cycled 10 times from -65 to ♦150 W C, and 
receives a high impact shock test. 




I .if'jf "VjtiOM * I.rn ■ J by An.itO j L3 ’?vh*M iT» bCiuWt't' TO he JCCUrOte 

jn*t fi-ijble MoA-v.'f '■‘Q t viMiTy *0 by Araio*} Devices 

*o f * nor for jny mfr ■nni»m*»nfs of ( atents or other r r;h ts of ?h*ra 
n-,v trof” *ts \.'.c No i.ctrns*; is grant^o by implica- 
ting nr Dtn^rwutf jny patent or patent rights of Analog Devices 


Route 1 Industrial Park;P.O. Box 230; 
Tel: 617/3294700 
West Coast Mid -West 

213/595 1733 312/394 3300 


Norwood, Mass. 02062 
TWX; 710/394-6577 
Texas 

214/231 5094 
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OUTLINE DIMENSIONS 
Dimtniioni ihown in inchci uid (mm). 

CASE 27 TO-52 PACKAGE 




M 

i 







National 

Semiconductor 


Voltage Comparators 


LM139/LM239/LM339. LM139A/LM239A/LM339A. IM2901. 
LM3302 low power low offset voltage quad comparators 
general description 


The LM139 *<m consists of four independent 
precision vottaqa comparators with an offset volt 
*9* specification m low w 2 mV ma« for #11 four 
competitor*. These wore detuned specifically to 
00trate from a Single power suppN over a wide 
rang# of voitaga*. Operation from split power 
supplies i* alto possible and the low power supply 
current dram is independent of the magnitude of 
the power supply voltage These comparators alto 
have a unique characteristic m that the input 
common mode voltage range includes ground, 
even though operated from a single power supply 
voltage 

Application areas delude limit comp* non, *»mpie 
analog to digital converters, pulse, squarewave and 
time delay generators, wide range VCQ. MOS clock 
timers, multivibrators and high voltage digital logic 
gates. The LMt39 series was designed to directly 
interface wnh TTl and CMOS When operated 
from both plus and minus power supplies, they 
will directly interface with MOS *og»c - where the 
low power dram o! the LM339 ts a distinct edvan 
tage over standard comparators * * - • - 

advantages 

• High pnctt'on comparators 
■ Reduced V os drift over temperature 


• Eliminates need for dual supplies 

• Allows sensing near gnd 

• Compatible with all forms of logic 

• Power dram suitable for battery operation 

features 

■ Wide single supply voltage range or dual sup 
plies 

LM139 series. 2 VqC m v DC of 

LM1 39A senes, LM2901 it Vqc *• VDC 
LM3302 2 V 0 C to 29 V 0 C 

or it Vqc to v OC 

• Very 'ow supply current dram (0.8 mAI - 

independent of supply voltage (2 mW/compara- 
tor at 45 V oc ) 

• Low input biasing current 25 nA 

• Low input offset current 15-nA— * 

and offset voltage t3mV 

• Input common mode voltage range includes gnd 

• Differential input voltage range equal to the 
power supply voltage 

• Low output 250 mV at 4 mA 

saturation voltage 

• Output voltage compatible with TTL, OTL, 
ECL. MOS and CMOS logic systems 


schematic and connection diagrams 


Oval In-Line end Flat Peonage 




Older Number LM1MO. LM1SSAD. Order Numbei lMIMJ. LMIStAJ, 
LM23SO er LMI3SAO LM23SJ, LM23SAJ. LMUSJ, 

tee NS aeee.ee* 0141 LMPSAJ. LM200U er LM3J0JJ 

See NS bec*e*e JMA 

Order Number LMSJSP, LM1JSAP, Oder Number LMttSN. LM3JSAN. 
LM2Mf er LMmAF LMJS01N er LMU02N 

See NS betbeee P14A See NS Peebeqe NS4A 
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LX 1600 Series - In Pack** PX6 
LX1 700 S*f m - See tocfcaft PX7 
LX 17000 Strict - Sm Peeke* PX7D 


LX1600A. 1601A. 1602A. 1603A. 1810A. 1620A. 

LX1700A, 1701 A. 1702A. 1703A, 1710A. 1720A. 1730A 
absolute pressure transducers 10—20 psia to 0—300 psia 

LX1601D, 16020. 16030, 1604D, 16100, 16HD, 16120. 16200. 

LX1701D. 17020. 17030. 1704D, 17100. 17TID, 1712D, T720D 
differential pressure transducers tS psid to 0—100 paid 

LX1601G . 1602G. 1603G. 1604G. 1610G. 16TIG. 1612G. 1620G. 

LX1701G. 1702G. 1703G. 1704G. 1710G. 1711G. 1712G. 1720G. 1730G 
gage pressure transducers ±5 psig to 0—300 psig 

general description 

• Temperature coefficient* better thin 10 03% of 
span/ C T* 0 0 1 ' « of span/" F | 



2 

in 

o 

o 

c 

2 

-v 

o 

o 

<0 

e* 

2 


I 


I 


\ 


These ruq<|«fO UtfV'Crt are highly accurate completely 

field interchangeable temperature compensated linear 
pressure transducers 

A fully signal conditioned transducer w»th a 10 Vdc 
uuU-, ? it provided nt a small ceramic hyb» -d Circuit con 
figuijf on ready tor PC board mounting H X 1600 senes) 
or surrounded by a tough /me d<ecast housing w>lh a 
mn-ded connector A nylon molded houtmg it available 
where metal enclotu»et are forb.dden Ail devices in 
elude a voltage regulated input and an operational 
jrnpiit,*f ouitH.t A conformal coatinq protects all per 
l»ont of the circuit from most corrosive or conductive 
fluids 

features 

■ F iHj mtef chjngt'at>iiity within 1 1 b% of span 

■ • 3\ of span overall accur .icy 


• Repeatability better thin *0 5% of span 

• Temperature measurement capability at point of pres 
tore tenting 

■ Available from local National distributors 

applications 

■ Food and leverage processing 

■ Medical electronics 

• Computer pneumatics 

• Hot bulb thermometry 

■ Fluid systems proportional control 

• Hydraulic and pneumatic controls 

■ Heat rtq ventilation, refrigeration and air condt 
boning < unbolt 

• Automotive diagnostic, safety, and control systems 
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MtUUKI RANGE 

DIVICI 

TYtt 

calibrated output 
VOLTAGE 

moot 

MtSSUftt 

MAX 

MISSONIS 

ABSOLUT C 


LOW (NO 

NIGH (NO 


FRO BURST 

0 to 15 pi, a 

L X 1600 A t X 1 7 00 A 

2 5 to 15V 

7 5 tO 15V 

40 PI, a 

300 01, a 

10 to 20 pita 

LX1601A. LX 1 701 A 

2 5 t0 2V 

12 5:0?V 

40 pita 

300 pi* a 

0 to 15 pna 

LX1602A LX 1 702A 

2 4*0 ,5V 

12 5 tO 15V 

40 pna 

300 pit# 

0 to 30 pi«j 

LX1603A. LX17Q3A 

2 5 tO 15V 

12 5 tO 15V 

60 pita 

300 pi>a 

0 to 60 pi, a 

LX1610A LX1710A 

2 5 ;0 15V 

12 5 tO 15V 

90 pita 

300 pita 

0 to 100 pi'* 

LX1620A tX 1 720A 

2 5 tO 15V 

12 5 tO 15V 

160 pi, a 

300 pita 

0 to 300 pi'* 

LX1730A 

2 5 tO 15V 

12 5 tO 15V 

450 cm, a 

500 pi,a (Not* 3) 


differential 


-5 0 to +5 0 pud 

LX1601D. t X 1 7010 

2 5 tQ 2V 

12 5 tO 2V 

40 pi,d 

”5 0 to +5 0 pirtJ 

LX 161 1 0. LX 1 71 10 

2 5.-0 2V 

12 5 *0 2V 

100 P*>d 

-10 0 to *10 0 pi'd 

LX16120 L X 1 7 1 20 

2 5 *0 15V 

12 5 tO 15V 

125 pvd 

0 to 15 pvd 

LX1602D LX 17020 

25 tO 15V 

12 5 *0 15V 

40 pvd 

0 to 30 pud 

LX 15030 LX1 703D 

2 5 -*0 15V 

12 6 1 0 15V 

60 Pvd 

-15 to +15 pvd 

LX1604D LX 1 7040 

2 5 tQ 15V 

12 5 *0 15V 

*0 ovd 

0 to CO pud 

LX161QD L X 1 7 1 00 

25 :0 15V 

125 tO 15V 

90 Dvd 

0 to 100 pt‘d 

LX 16200. L X 1 7200 

2 5 *0 I5v 

125 :0 J5V 

150 pvd 


-S O to +5 0 pi, 9 

LX1601G LX1701G 

2 5 t0 2V 

12 5 t0 2V 

40 pl* 9 

-5 0 to *5 0 pvg 

LX16HG. LX1711G 

2 5 t0 2V 

125 *0?V 

100 pi'9 

-100 to *10 0 pi'9 

LX1612G. LXI712G 

2 5 to 15V 

12 5 *0 15V 

125 pi>9 

0 to 15 pvg 

LX1602G. LX1702G 

2 5 tO 15V 

,25 tO 15V 

40 pvQ 

0 to 30 cv, 9 

LX1603G. LX1 703G 

2 5 tO 15V 

12 5 tO 15V 

60 pvg 

-15 to +15 oi»g 

LX1604G LXI704G 

2 5 tO 15V 

125 tO 15V 

40 png 

0 to 60 pi«9 

LX1610G. LX1710C 

2 5 :0 15V 

175 tO 15V 

90 pvg 

0 to 100 pi-9 

LX1620G LX1720G 

2 5 tO 15V 

125 tO 15V 

ISO pi'9 

0 to 300 ovg 

LX1730G 

2 5*0 15 V 

12 5 *0 15V 

450 pvg 


COMMON MOO I 


300 Pita 
300 pit* 
300 oi*a 
300 pt>a 
300 pt, a 
300 pita 
300 pt<a 
300 pv* 


SEAL 


50 pt'fl 
?0 png 
50 pi, g 
100 pi, 9 

1 75 p$»g 
500 pi-9 
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•bsolut* maximum ratings (No»»i 

IttCiUtton Volt 49 * 30 Voc I Not* ?} 

Output Cwrrtm. t # 30 mA 

optf *tm« T#mptf itur# A«r> 9 t ~40 # C to ♦ 1 23*C 

L «*0 Trmpttituft ($©td*nn*, 10 ttcomH) 300’C- 


electrical specifications 


pahamitm 


1X1* A 1700 01 MA IX1*A1?Q3 10A IX 1* A 172Q 17J0A 

LX1* A : 701 02 UO 1X1* A 1703 04 10 120 LX1*A 17200 

1X11 A 1701 0? 11Q ixi* A 1703, 04. 10 1 ?C LX 1* A 1720. 17)00 


Ttmp#*aiu«* Co*M.c#nt 
Cant : V «d« 

4*htanPHMt 

2b C jo ♦ 7h C 
V, * 15 V (Not* 2i 

*004 
*0 033 

•009 

•ooso 

‘0 03 
•0 0 1 

T*/rtp**atur* Co*H. E .*rt» 
C*nt'Qr«d« 

$ ah**nhpi| 

40 C to ?5 C a Hi 

*75 c to *i:s e 

V, * 1 5 V (Note Ji 

*004 

*0 033 

•0 18 

■ 0 099 

*0 03 
•0 0’ 

lt.s*a- U a^o H % %ta.rs s 

Si' a g^t t ttr 

*o; 1 

0 5 

•o 2 


.N'^a 7 j 

- I o 

; a 

•0 ’5 

0wls» • \ S**'S't’k.t, 

. .V, 1 

*.4 5 v ‘ V t ■ 2b 

•0 3 

os 

•0 3 

1t*«t!'uca* S'a* C» 

♦ V»tr r 5 

1 *N 

:o 

is 


10 03 

*0 017 V H»«n f 

\ t©*n *C 
N span "f 


N*t* i >0 1 * ?l c HO F • J* C .’4U 1 ' lib C 5 ! 7 f * J00 C 1 mV > * t I mV C. I PH • II r ImcwNgi * 2 03* 

Hg • ;?6' HjO * ; 30 M. H-O > bH 9'S 

Nat* J Aft ()•» irt ^ |H# l tie 1 VI t^r LX1H l MJO# *'» i n >1 K|i*>J 'o- H 1 V • *£ ■ ?5V Th# 

tMUi 170OA #.* *trpi a«<1 Kinl *p> r» v ♦ *< w -n ’V « V|_ * ?5V ia at t.i b* P**' «Ot baftarw O 0 *f#t.«K* Upon sp*ct*i r*t)w*it th* 

a.ifHKVM \1 a^n* #>Hl o» *"* i X lb *n»t I /OO Sa>*i d#s- c* c*»' l«* **« *«' Hjium* du*'*!^* 

Nat* 3 Psi»a** *>«•%< |y*ttu<rt ar* iboan to* th* l *1*00 S#' n *«c*pt to- th* *h‘th cannot b* as « standard product 

walhOi.T «h* *.m& O’ N**o« uwt** s«*t>**# 

Nat* * T ♦'* k*l *000 S*> *i Out*' p«x*#* <s #**.*04* -n N , uv» w' * 

Nat* 5 1 H * tfa^Mtura't #'# cr>*i*<1 to prntat' aga.^xt '*»-a*t E t><«ui.** o« tP'Hluct-** tiuun A(M.i.pn#t **o**t.o* <l '*i4»mm*nij*<l to* *r, ***• m*d*c*t 

*IV"( 

Not# 4 t ’* on i(vp t .a' ttuutti ?** *no po."t% fc *" h* »*t sn>«%t>fr t»*t*#**'' a m.niaiym> ot on# *o>t *«d a ot t V g J0I *oHs 

tn# %*«i ».% t» ia« b# »rt to * o* 5V ps 

Not* 7 T n t •» ut^w at i** owtpv’ *~tag* t> l! tv «*** th* p'**»w»* -a^p* i"jm JVC to *75 C 

Not* I Ca jt*on - ini|Mi>p*< const! a <m o» H*n,ti M cf* pa* tag* *»p to* *»h<tM*d M p*'*t< i *»«o-s •" tha output wo<t*** 















LX5600/LX5600A. LX 5 700 /LX 


KIS 


LX5600/LX5600A. 1X6700/ LX5700 A temperature transducers 
general description 


Th* L X560G t X57Q0 Mtiti temperature transducers art 
h.ghiy accurate temperature measurement or control 
Systems tor use over • “tS C io C temperature 

range Fabricated on a single mono)nh»c chip they m 
dude a temperature tensor, stable voltage reference and 
Oder at tonal amplifier 


The LX 5600 uses the difference »n emitter bate voltage 
of transistors operating at different current densities at 
the baste temperature tentative element Smce thu out 
Put depend* only on tr annul or matching the tame 
reliability and liability at pretent op *mpt can be 
e s pec ted 


The output Of the tX 5600 1X5700 •* directly pro 
portional to temper aturt m degree* Kelvin at 10 mV K 
Uv. g the internal op amp with aste'^ai ret-ttors any 
temper a lure tcate factor it easily obtained Bv con 
nrumg the op imp at i comparator the output Wtll 
iw*uh at the temper ature transverset the tet point 
mamnq the dev<te useful at an on oft temperature con 
troHf» 

An ac t<ve shunt regulator >\ Connected across the power 
lejds to the LX560OL X5700 to provide a stable voltage 
reference In addition to pros-tlmg a reference it 
regulates th# v *:ral«ng voltage to 6 8V Th.s allows the 
use of any power supply voltage w |h suitable esternal 
»es stort 


The 1X5600 and LX 5600 A operate ov»r I '56*C to 
• Ub'C range and are ava>iabi« «n 4 lead TO $ pacXagt 
The LX5700 and LX5700A a iso operate over pie -55 C 
to ♦ti'5 C range and art available m the 4 lead TO 48 
package 


features 

• CjUt*«t<on KCU'Ktf Ol !4 # C 0**r $5*C *0 *1JS°C 


Internal op amp with frequence compensation 


Linear output of 10 mV KUOmV Cl 


The op amp can emptily the 10 mV K from the tensor 
to almost any des-M-d Output T h* input bias Current .s 
low end relative's constant with temperature ensuring 
h*qh accuracy when h<yh source impedance ,% uted 
further the output collector ca-> be returned to a 
voltage higher than 6 8V allowing tf*e L X5t>00 L X57QO 
to drive lamps and relays from a ?BV supply 


• 0*»ectl> c#i't*r ated in degrees helvm 

• Output can dnve loads up to 35V 


Internal stable voltage reference 


* Fou* lead device- m»rt» mgrng wiring 


block and connection diagrams 


TO ft Meter Can Faefcags 

P*v» 


I't ft* * (•**«( Mg t« till 

•wer i. X 6*00 AH er LXSaOOM 


TO 44 Mere! Cen r»(S*«i 


sV) 


Mir reriiMt'itiKiH 
Oeer NvMsr LkftfOOAM m LXftfOOM 







absolute maximum ratings 

Supply VoHagt Internally Regulated 

Supply Current I Externally Set) 10 mA 

Output Collector Voltage 36V 

Input Voltage Range 0V to +7.0V 

electrical characteristics (Noteu 


T a - *25 C 
T a - -55'C 
T* * 125 J C 
AT < *180*0 
T* • 125 J C 
T a ■ 125 J C 


ImA^I^SmA 

1mAil^5mA 

» • 1 mA 

r 

10 H* < f £ 10 hHt 

T a - + 1 25'C 


Output Short Circuit Duration Indefinite 

Operating Temperature Range -55*C to ♦ 1 25* C 

Storage Temperature Range -65* C to *150*C 

Lead Temperature (Soldering, 10 second*) 300* C 


Output Voltage (Not* 2) 
Output VoHege (Note 21 
Output Voltage tNott 2) 
Linearity 

Long Term Stability 
Repeatability 


VOLTAGE REFERENCE 


Reverse Breakdown Voltage 
Reverse Breakdown Voltage 
Change With Currant 
Temperature Stability 
0 T njmic impedance 
RMS Non* Volt** 

Lung Term Stability 



Input Bus Current 

T a • +25 C 


35 

,75 


3* 

150 

nA 

Input B>es Current 



45 

ISO 



250 

nA 

Voltage Gain 

R l - 36k. V** • 36V 

2000 

15000 


1500 

iSOOC 


V/V 

Output Leakage Current 

T a • 25’ C (Note 31 


02 

10 

20 

0 2 


* A 

Output Leakage Current 

(Note 3) 


1 0 

50 

80 

1 0 


MA 

Output Source Current j 

V 0 uT 

io ; 



10 



mA 

Output S>nh Current 

IV ^ V 0uT <,36V 

2 0 



20 



mA 


Mott 1 : These scwrcif.cat'Ont apply lor -55C < T* < +125 f C and 0 9 mA < *SUPPLY <1.1 mA unless otherwise specified 

Note 2 The output vo'iage applet to the basic thermometer configuration with the output and feedback terminals shorted and a load resistance 
of 10 Mil. Thu >\ the feedback sense voltage and includes errors m both the senjor and op imp Thu voltage is specified tor the sensor m a 
rapidly stirred oil bath. 

Note 2: The output leakage current i» specified with > 100 mV overdrive Since this voltage changes with temperature, the voltage drive for 
turn pH changes and n defined as ^OuT bmth output and mput shorted) -100 mV This specification applies for VQ{jy * 36V 


application hints 

Allhough the LX5600/LX5700 were designed to be » 
trouble- free as possible, certain precaui ons should be 
taken io insure the best possible performance. 

Like any temperature sensor, internal power dissipation 
will raise the sensor temperature above ambient. Norn, 
nai operating current for the shunt regulator *s 1.0 mA 
and causes 7 0 mW of power dissipation. In free, still, «ir 
thu raises the package temperature by about 1.2*K. 
Altnough the regulator will operate at higher reverse cur 
rents and the output will dris* loads up to 5 0 mA. these 
higher currents can raise the sensor temperature over 
19 K above am bten t - degr adi r»g accu racy. Therefore, the 
sensor should be operated at the lowest possible power 
level. 

With moving air. liquid or surface temperature sensing, 
self heatmg is not as great a problem since the measured 


media will conduct the heat from the sensor. Also, there 
are many small haat sinks designed for transistors which 
will improve heat transfer to the sensor from the sur- 
rounding medium. A small finned clip-on heat sink is 
quite effective in free r. It should be mentioned that 
the LX5600 &' s jn the base of the package and there- 
fore cO' ')i. n g to K ss- is pr. 'erraole. 


The •- •' -’or provides a temperature 

stable I. the temperature output or 

setting a cr-- spa;- on point in temperature controllers. 
However, since this reference is at the same temperature 
as the sensor temperature chanties will also cause refer 
ence drift. For application where maximum accuracy is 
needed an external reference should be used Of course, 
for fixed temperature controllers the internal reference 
is adequate. 




LX5600/LX5600A, LX5700/LX5700A 







































DESCRIPTION 

The MN5210 Series Devices are extremely fast 12 Bit 
Successive Approximation A/D Converters providing both 
parallel and serial output. These devices have a maximum 
conversion time of 13 pSec which allows full accuracy 
with a 1MHz clock. 

These hybrid converters are housed in miniature 24 pin 
giass/ceramic dual-in line packages. Miniature size, low power 
consumption and adjustment free operation contribute to 
the reasons why these converters provide the user with the 
best possible selection for compact and efficient systems. 

All converters are completely laser trimmed and totally 
adjustment free. They require only one external compon- 
ent. a non-critical 2.2^if capacitor. Additionally, due. to 
highly stable thin film resistor networks, these converters 
provide long term maintenance free operation. 

These converters are available in three input voltage ranges: 
0 to -10 volts (MN5210/13). +5 volts (MN5211/14), and 
±10 volts (MN5212/15). For each of these input ranges, 
the user has the option of specifying a model complete 
with an internal reference or for improved absolute accur- 
acy, a model which uses an external reference. 

In all cases ±1/2 LSB linearity is guaranteed over the 
entire operating temperature range. Additionally all units 
are tested 100% for linearity and accuracy at their temp- 
erature extremes as well as at room temperature. 

All models of the MN5210 Series may be procured for 
operation over the entire -55°C to +125°C military temp- 
erature range ("H" models) with the same end temper- 
ature operating characteristics as the commercial 0°C to 
70°C range. In addition, full military temperature oper- 
ation devices are available processed to the Class B require- 
ments of MILSTD-883 bnqutre about Micro Networks' 
''Option B"). 
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MN5210 SERIES -M 
ADJUSTMENT-FREE 
A/D CONVERTERS < 


t£-j 

rvvl 

.. i 

f 1 






FEATURES 

• Very High Speed ~-y 
1.0 pSec/Bit max. 


• Totally adjustment-free 
. .. No full scale or zero adjust- 
ment necessary ' 

• Low Power 
700mW 

• Small 

24 Pin DIP 


-tj 


■ -I 

r * 
4 


±1/2 LSB linearity worst case \ 

Hermetically sealed package 

Parallel and serial outputs j 

Full Mil operation 
-55°C to +125°C ("H" models) 
Available fully screened & pro- 
cessed to the Class B require- 
ments of MIL-STD-883 


APPLICATIONS 

• Remote Equipment 

Medical Instrumentation 
Aerospace 

Computer I/O Equipment 


J 


/ f 'J\f/ Micro Networks Corporation 

A. V.M w i 224 Clark Street • Worcester, Massachusetts 01606 

Tel: (61 7) 852-5400 • TWX 710-340-0067 
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MN5210 SERIES SUCCESSIVE APPROXIMATION 12 Bit A/D Converters 



.*> . 

-* • 


: Positive Supply 
Negative Supply '• 

Logic Supply 
. Analog Input 
. Digital Outputs ;i 
* Digital Inputs 
Reference Supply (Models MN5213. 14, 15 end 161 



+18 Volts 
•18 Volts 
♦7 Volts 
±25 Volu 
Logic Supply 
+5.5 Volts 
-15 Volts 


'-y ' . 





» r. Miaaie ...i « J 


»*" Vr t 


PERFORMANCE: 

j; INPUT RANGE 


SPECIFICATIONS (T A «25°C, Voltages ±15, +5 unless otherwise stated) 

rw t -• ■ *'V'. n , s«SA'>^ 




i^^X^Oto-tOV 
• ‘TV-* C'j 


‘ 'i #*■ to — 5V 

£'^£&t10V to -10V 


INPUT 
IMPEDANCE 
6.7k 
•T"“ 6.7k 
J: i3k 
6.7k 


HIGH 

PERFORMANCE 
. MN5210 
MN5211 
*» MN5212 
MN5216 


HIGH ACCURACY 
(Ext.Ref- -10.000V) 
MNS213 
MN5214 
MN5215 


' -4 ,K i 

cv -j .■ \ 

10V) 1 j 

^ ■1 i 



t 

TYP. MAX. 

TYP. 

MAX. 

J UNITS 
1 Bits 

1 

Resolution 


12 


12 

i 

Linearity (0° to 70°C) (Note 1) 




±% 

’ LSB ‘ 
■? LSB 


Zero Zrror 

% 

1 


1 

i 

i 

Zero Error (0° to 70°C) (Note 1) 

i 

2 

i .- 

2 

•i-'t LSB : 

i 

Absolute Accuracy 25°C (Note 2) • , 

•4 

2 

i • 

2 

LSB : :r 

4* 

• f. Absolute Accuracy (0° to 70°C) (Notes 1 & 2) 

•i 

±.4 

vL- : 

±.1 ' 

, j % - ‘ •> Vje* g.vi'. 

i 

Conversion Time (Note 5) 

! 

13 

*\ ■ '** - V •’ 

13 v 

■ mi C 

1 

i 

Power Supply Requirements . . ,. 

* 


j 

V 

] mA 

\ 

Current Drain +15 Volt Supply 


23 28 

1 23 

28 '• 

. J 

i 

Current Drain -15 Volt Supply 

- J 

15 • 19 

5 . .. 

6.3 

t 

A 

... * Current Drain + 5 Volt Supply 

* 1 

25 42 

• 25 

42 

■■i wA ,A. 

] 

Current Drain -10 Volt Reference 


1 1.5 

2.0 

1 mA 

f 

Power Supply Rejection 

- 4 


J ; 


4 

1 %F.S R./%Supply 
i %F.S.R./%Supplv 

i 

+15 Volts (Note 3) 

i 

' + .02 

±.02 



v*. ? 15 Volts (Note 3) 

j 

±.05 

■ +.02 

*>V- 

4 

Power Consumption ■ - ■ • 

.! 

e V S 

695 915 

, 567 

744 

•1 mW ; 

« 

N-. we ... . +*-. ». . 4 - ...iMikLp.t - *'i. 

.-\/i 


— *•- 

*. . ; 

.i-J • — .mi* — 

•h 

~LOGIC RATINGS 


'min. * 1 * 

^tYP."^ 

~MAX. 

- *T|j N , TS - 

4 

Input Logic Commands 

’ 



v-.+irt 



Logic “O" ■■■'■- v . .. 

r * 

# ■ 


.8 : 

r; .‘volts 

i 

Logic "1" 
Loading 

■ r"' * 

:: 2.0 

...5 

' ■- 

^ Volts 

: TTL Load 

4 

1 

( 

Clock Input Pulse Width 
Output Logic 
Logic ‘'O'' 


100 


.4 

nSec 
* Volts 

1 

i 

I 

Logical" 
Serial Output 


2.4 

3.6 


Volts 

NRZ 

\ 

i 


Parallel Output (See Timing Diagram) 

Fanout-High 

Fanout-Low 


8 

2 


ORIGINAL PAGE IS 
OF POOR QUALITY 


MN5210/5213 

OV 

-5.000V 

-9.9976V 


MN521 1/5214 
♦5.0000 
0 

-4.9976 


LOGIC CODING 

MN5212/5215 MN5218 

+ 10.000 +99976 

0 + 4 9976 

-9.995 0 


TTL Load 
TTL Load 


LSB 


MSB 

0000000000 CO 
100000000000 
■111111111111 


NOTE 1. For "H" modeli, the specification appbei for operation over the temperature range of -55°C to +125°C. 

NOTE 2. Abiolute accuracy include* all errors, gain, tero. and linearity. A! 1 converters ere tested 100% at the temperature 
extreme* for l-nearuy and absolutt accuracy. 

NOTE 3. For proper operation 1 15 Volt power supplies tolerance should not be greater than +3V 

NOTE 4. FSR is the abbreviation for "Full Scale Range" end is equal to the peak to peak output voltage, i.e. 10 volts fori5V range. 

NOTE S. Conversion time is specified with external 2. ZjJf capacitor 'see block diagram!. Without this capacitor conver 
sion time is typically 20u Sec. 


28 ? 


BLOCK DIAGRAM 



NOTE 1. The maximum current which should be drawn from the -V Ref output (Available only on internal reference models) is 100 JJA. 


TIMING DIAGRAM 
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NOTES: 

1. Shaded areas shown for parallel data outputs denotes states determined by data input immediate prior to shaded area. 

2. For continuous operation connect start convert {Pm 1) to end ot ccnverson (Pm 22). 

3. Reset the converter by holding the start ‘low* during a low to high transition of the clock. The start must be low for a 
minimum of 25 nSec poor to the clock transition. After the start is a^am set high the conversion will begin on the next 
low to high transition of the clock. The start may be set low at any time during a conversion to reset and begin again. 

4. At the end of conversion the E.O.C. will remam low until the converter is reset. The parallel data is valid for the entire time 
the E O.C is low. 

5. The serial output is non return to zero 

6. for the user’s design flexibility, digital and analog grounds are brought out separately and must be externally connected. 

For optimum results, this external connection should be made as close to the converter as is possible ^ 0*1 

7. Micro Networks reserve* the nght to make design, specification, and process changes and improvements. ^ O J 






APPLICATION 

SERIAL TO PARALLEL CONVERSION 


t 

► 



tea 

IM1 
•it to 

•N • 

a* • 

•* • 
•* • 


ft* 4 

ft* ft 
a* ft 

MSS 


PIN DESIGNATIONS 


Pin 1 Start 

Pin 2 +5V 

Pin 3 Serial Out 

Pin 4 Bit 6 

Pin 5 Bit 5 

Pin 6 Bit 4 

Pin 7 Bit 3 

Pin 8 Bit 2 

Pin 9 MSB 

Pin 10 Ext. Capacitor 
Pin 1 1 Analog Ground 
Pin 12 -V ref out (int. ref. models) 
•V ref in (ext. ref. models) 


Pin 13 -15V 

Pin 14 Analog in 
Pin 15 +15V 
Pin 16 LSB 
Pin 17 Bit 11 
Pin 18 Bit 10 
Pin 19 Bit 9 
Pin 20 Bit 8 
Pin 21 Bit 7 

Pin 22 E.O.C. (end of conversion) 
Pin 23 DIG Grd 
Pin 24 Clock Input 


MODE*. NUMBER MN521X H/B 

Model selection — ■ — 

Add “H” for *55 to +125°C operation — — ■ 

Add '7B" for 100% screened (883 Class B) # 

Example 

Oto 70°C(±5V, Int. Ref.) 

•55 to +125°C Operation 
•55 to + 1 25°C and 100% 
screened *883 

•Micro Networks Option "8" 

ORDERING INFORMATION 

« 


MN5211 

MN5211H 

MN5211H/B 



Outline dimensions in inches (and m i*. I i meters). 



'Msn 


324 Clark Street • Worcester, Massachusetts 01606 
Tel: (61 7) 852-5400 • TWX 710-340-0067 
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FINAL PERFORMANCE DATA 
MODULAR POWER SUPPLIES 


DATE !C — Zll "ZJL 

PART NO. d. SACZlAA £j C £l/sL Qlt SERIAL NO. AajSjCL 

WIT PUT VOLTAGE VS INPUT VOLTAGE AT ?V, £_ WATTS 


INPUT 

VOLTAGE 

n 

wrem 

■SB 

E 0 # 3 
VDC 

E 0 * 4 
VDC 

E 0 # 5 
VDC 

E e # 6 
VDC 


mam 

aan 





EsHHi 

mm i 

am 





E 0 adj 

35KBI 

EBssa 





OUTPUT VOLTAGE & RIPPLE VS OUTPUT POWER 

OUTPUT 

POWER 

<£ / a/ ^ £)C 

100% 


BBacn 





507. 

EBU 

BBB 












RIPPLE ( VRMS ) 

1007. 

m 






507. 

lamia 

EMBUS 


. _ 











INPUT CURRENT 


INPUT 

FULL 

HALF 

NO 

VOLTAGE 

LOAD 

LOAD 

LOAD 

7-7 

o 


O, 1C A- 

l?o 


-2-iZ 

O.XS-A- 


TEST CONDITIONS 
AMBIENT TEMPERATURE 25° C 
HEAT SINK: ALUMINUM 
19" X 7" X 1/8" THICK 


ARNOLD MACNETICS CORP. 
11520 W. JEFFERSON BLVD. 
CULVER CITY, CA. 90230 
(21.3) 870-7014 




FORM NO. 023 


285 



















PINAL PERFORMANCE DATA 
DC INPUT 


MODEL M .StfU-gL/ jfV 
SERIAL NO. ^fr/g? 


INPUT I OUTPUT NUMBER 1 
VOLTAGE 
(VDC) 

I .P^a.TQ^j^cfc 


OUTPUT VOLTAGE Y« INPUT VOLTAGE AT_ 


OUTPUT NUMBER 2 


WATTS 


OUTPUT NUMBER 2 





OUTPUT VOLTAGE & RIPPLE rs OUTPUT POWER (AT VDC INPUT) 


OUTPUT 
POWER 
(S OF) 
(RATED) 



100 * 


50 


u/L 



RIPPLE (wvfcmS) 



INPUT CURRENT Y» OUTPUT POWER (A T SIS' V DC INPUT) 


*7-5“ /9/r?A 




TEST CONDITIONS 


1. AMBIENT TEMPERATURE 25°C 

2» HEAT SINK; ALUMINUM 19* X 7* x 1/8" THICK 


* ARNOLD MAGNETICS CORPORATION 
1L 520 W. JEFFERSON BOULEVARD 
CULVER CITY, CALIFORNIA 90250 

Form #6-72 
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